UNCLASSIFIED

AD NUMBER

AD243159

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUN 1960.
Other requests shall be referred to Wright
Air Development Center, Wright-Patterson
AFB, OH 45433.

AUTHORITY

AFSC ltr, 4 Jun 1968

THIS PAGE IS UNCLASSIFIED



by tha
ARMED SERVICES TECHNICAL lﬁNRHAﬂON AGENCY

ARLINGTON HALL STATION
ARLINGION 12, VIRGINIA




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formlated, furnished, or in any way
supplied the sald drawings, specifications, or other
data 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or pexmission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



CEY
A w;‘ﬁ:‘:;b‘

,("J “ poi 1]

R

L m
eay, R
S
i el
NI G
€3 m

r

DECELERATOR BAG STUDY
. /"gj b
Stcphcn L. Tomdﬁak "
The Goodycar re & Rubbcr Company
. Akron, Jhio
Special Products Development Department
JUNE 1960 )
Fi

H'

lf , )
e 'W"” i
MUTS y i)

- “ - T Vi Ll A

WRIGHT AIR DEVELOPMENT DIVISION



WADC TR 89-778

DICILERATOR BAG STUDY -

» P ]\ o . ‘ ’ A \'R\
i o iy N
4 LG Stephen L. Tomcsak SR

‘Thé;',fJOOchar Tire & Rubber Company
Akron, Ohio :
Special Products Development Department

El. 3 ol

JUNE 1960

: . Aeronautical Accessories Laboratory
Contract No. AF 33(600)-30825

7 Ty

WRIGHT AIR DEVELOPMENT DIVISION
AIR RESEARCH AND DEVELOPMENT COMMAND
| UNITED STATES AIR FORCE
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

100 = Auguat 1060 — 44:1317

e, e



FPOREWORD

This report was prepared by the Special Produsts Department of tne uoodyear
Tire & Rubber Company, Akron, Ohioc, for the Aeronauticsl Accessories Laborafjbry
of WADD at Wright-Patterson Air Foroe Base, Dayton, Ohlo, Mr, Gorden Light
and Mr, A, E, Varble served as ‘M.x- Korce Frojeot Engineers, The design study
and development of the airbugs was authoriszed under Contract No, AF 33(600) =
30825, The study was started on 20 June 1955 and completed on 27 August 1958,

Inoluded among those who cooperated in the study and development of the
report weres Messrs, G, T, Wittl, S. L., Tomosak and K, R, Miller, Develcpment
Engineers of the Goodyear Tire & Rubber Company, Tho asslstance provided by the
personnel of the Aeronautical Accessories Laboratory of WADD and the funding
support by the Quartermaster Research and Engineering Command, Natiok, Mnm; s
gratefully aoknowledged,
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N ‘ ABSIRACYT

An attempt to improve the ofliciency of airbag decolorators leads to a
thorough study ond analysis of the present barrel-ahmhed bags, An evoiuation
of theso begn and‘ﬂirbué;docolerutor roquiromentz rosults in 6 new oylindricals
shoped beg. Methods of pressure meteriny are dlscussed and a naw, highly
promiming voriable-diwmoter orifice 1s incorpornted into the cylindrical
bay. An eveluation of the deta obtained from drop teata of the new bags

irndicotes that tho effisiency han been incressed conaiderably over that of

previouvs airbage.

PUBLICATION IWVIEW

Thio report has boen reviewed and is approved,

FOR THE COMVANDER:
N Mops
+ P. SHEPARDSON

Chief, Parachute Epranoh
Asronauticsl Accessoriss Laboratory
. _ Directorate of Laboratories
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I, INTRODUCTION

A load oarrying platform descending via‘paruohutﬁ nmust be brought to
rest upon ground contact without too great a deceleration and without
exoessive bounoing,

The alrbags, oontained in the platform, must be capable of absorbing all
deceleration foroes without rebound in excess of 12 g encountered in mking
ground contact at a vertical velooity of 30 f.p.s. and a horimontal velooity
of up to 51 f.pess The materials used in the airbags require operation of
the units throughout the temperature range of «~40°F to 4 160°F, Although .
the airbegs vere never tested to these extremes of velocities, actual air
drop tests were acoomplished at vertloal velocities of 30 f,p.s. combined with
horisontal velocities of 32 f.p.s.

To sabisfy the objectives, the study has been broken down into two primary
divisions as followas

1, The design and development of present decelerators,

In this phase of the study the deslgn and development of the
present girbag decelerator is investigated, utilising aveilable
date specified in Technical Memorandum Report WOLE=S/=55,
Teohnical Notes WOLE=53=1,7 and WOLE=5,=11l, Lookhesd Aircraft
Corporation Report ER546 Gelac C,3, and Stanley Avistion
Corporation Reports 43.-nd 119, to establish basic theories
applicable to this oonfiguration end to obtain olearly defiied
engineering design oriteria capable of predicting performance of
the end itenm,

2, New oonfigurations and methods of pressure metering,

New configurations and methods of pressure metering are investi-
gated to establish basic theories and engineering design data for
an optimum pneumatio decelerator configuration, Tho retardation
oycle is studied from the data compiled to determinoe the optimum
airbag decelerator configuration compatible with ourrent require=
ments, and to establish theory and design data for a new configue
ration for various applisd loads and ground impact velooities,

Tho following conditions are oonsidered:

&, The influence of bag configuration on pressure metering,

b, Investigating partitioned bag employing various sizes of
orifice betwsen inner cells,

6, Investigating suitable orifice metering devices,

d. Influence of bag configuration on platform toppling.

e, Efflclenocy of bag conliguration when diasplsoed or rotated _
from normal extended position due to horisontal Lravel of the
platform during the retardation cyole,

Manusoript released by thie author December 1959 for publication us @ WADD
WADO TR £9-775 Teohnical Hepory,
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II. AIR BAG MECHANICS

A disoussion of the mechunics involved follows tégother with & theoretioal
analysis of the present airbag decelerator,

Dnergy sumtionss
Energy input by plotform = Bag work and ground work

2, e . |
“So * Ng - R - x s % R“-nv x s I T T e I (1)

Assuming that the platform 1s stopped before strlking the ground the
last term oan be neglected,

Solving for the stroke necessary to stop the platforms

S

e 1))

But _%h_. Gy by definition
Therefore 8 m 1 LI R R )
Yol | apeav -1
g |

Defining OQp=av =Y\ X Op~max (where | is the airbeg efficlency),
the atroke becomes

9 = 1
_?_ N Op=nax = 1
g -
Cl ‘ ,
To determine the relationship between bag reaction and platform deceleration
the force equation I w ma 1s used,

Fg m Rp=~Wm W dyv w W-bog Wiy mem e e e e mm (8)
£ e dt 8
Where Gy & -§-, the platform deceleration in "G" units.

----""""'""“"""‘"""(4)

WADO TR 59775



Tranaﬁsaing‘in equation (5) und substituting Oy for Ry

.ﬁﬂ—
Gb=0ﬂ"l -‘-n—num-mnn—m@-n——---.—-‘--(6)
which means that the decolerution foroe on the platform in "Ga" is one unit lesws
thun the bag reunction in "Gs" for the vertloul component,
Equation (4) indicates thut the stroke required to stop the platform is dependent
on ground contuot veloolty, the maximum allowable bag reaction, and the averuge
lovul of thim reaction through the bag compression stroke, It thersfore follows

that the factors whloh affeot the shupe of the bag reactlon ourve must be
Anvestiguted,

Eresgure and lieaction fistorys |
Bag reaction is related to bag prossure thfough the oontuct urea between bag and

platform In the case of o flat contaot area where tho platform ores is lerger
than the bag contnot urea, UL

In equation form we can thon write the followlng expressionss

R LR EELLEE L)

Gs u Op-1=z.igho-1 R ()

For future roference we also write the following expresaslons of works

Wgp = f’z By df = == = = == mmm e m e =(10)
oy

Moo ._u%f‘_;t M) mmmmmemmmmm e me e (1)

Rb-‘v.wkb ---n--m-----——‘—ﬂ-m--n——--(la>

To determine the history of the pressure and reaoctlon curves, the mothod of
culoulation used ls derived using baslo force equatlons in o step integration
procedure for small time inorements,

WADG TR 59-775



The oteps are as follows:
For the cuse with no alr loss [rom the bug and asswnlng adlabatic compressions
1) Ohange in ptioke .ﬂ 3 = Ve At
2) At the end of the Mmo inorement At, the new stroke = 9 = S, 4 A 9
3) The bag volume at this stroke is determined by equation or graphlcul methods,
4) With the new bag volums the bag pressure ls od.ou‘l.nbads
P = Constant _%_ Lod - Patmospheric
5) The average pronurg' over theAt time inorement is obtalned

6) The ares at the end of the tlme inorement is used to obtuin the average
oontact area between bag and platform,

7) Average bag reaction Rgy = Pay X Ao

8) The net force F‘ aoting to decelerate the platform F = W = Rgy i obtained,

9) The average veloolty change then AV = L At

10) .Adding this AV to tho initial veloocity glves the new veloolty at the end
of the timo lnorement,

11) The next cyclé of oomputatlons oan then be started,

FPor the case with air loss through an orifice the sume steps ure used up through
(6) of the preceding, It is then necesssry to detsrmine uir flow,

The genera) equation for flow through an oru‘iml X

283 ( H.ZBB- 1‘l

F, ¥y

W w Op'P2r R.,05Ap )

- s
Where the coefflclent of discharge le u varlable depending on the ratlo of the
pressures differential between the upatream and downstream pressures, From
experimental work on orifice flow 'aho expression for Op ocan be evolved ass

2
Op = 875 4 J45 P2\ . 1,03 /3 £ 0,62 __fz
! Py Py ,;
N,
The combination of thess two equations 1s plotted and presented in Figure,l,

7) With the chart of flow weight vs. bag pressure und & givon orifice area,the
amount of air escaping can be determined for an inorement of time,

WADC TR 59=775
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8) Subtreot the waight of escuped mir from the original weight of eir at the
beglnning of the time Lnorement, 0

9) With the new alr weight in the bpg, & new pressure can be found as plotted
in Mgure 3,

10) The pressure averuged out for the tlme inorement will allow for obtalning
an average renction as in the preceding procedure and the caloulations oan
be carried on in the same manner as before,

From the above caloulation procedures the only remaining unknowns are the
rate of change of contuoct area and bag volume with respsot to stroke,

The contuct area of the bug 1s somewhat greater than the motual cross
seotional aren at a given position of stroke, For the nominal bag size chosen
to caloulate from, this area, with the stroke as the variable, is expressed ass

Ao & 3.4 f 0,212 8y = 0,0026 8, 2
and ‘the volume therefore becomess

where the 8; 1z stroke in inchos, The volume and oontact area curve is enclosed
for a 4" x 34" x 38" vug (Figure 2),

Mogn gres versus Orifice Diometer

Dependent on the oross sectlional area of the bag, the rate of air oomprounion
Ls greater for larger areas and less for smullsr arsas,

To limit pressure peaks and muximum O loadings then, and to maintain similar
pressure ourves for different bag simes, the oru‘ﬂ.co diameter should be varied
directly ve. bag dlaumeters,

Thus, the ratio of Am/Ao is constant and establishing an optimum orifice for one
bag size will then show how the orifice diameter must be changed to meet optimum
performance for different bag sizes. o

Steoke and Bag lelght

From anslyzing tho theoretical bag performance curves it has been oconcluded that
the effioclency of the retardation oyocls for optimum conditions is approximately
oonstant, This means that the stroke ocan be oonoidorod as a funotion of input
veloolty and maximum O loading. .

But as will be shown, the maximum G loading ls & funotion of input velooity, bag
area, bag height and orifice ares. Bquatior (4) con be rewritten ass

NN R,

but O nax g £l ﬁAm:,, S (%)
28hAo

then 8 z f3 Eu,ﬁ_g_] e n(14)
m
WADC TR 59=T775
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The bag helght must be greater thun tho required stroke to insure suffioient
platform returdation before ground impaoct and to tuke into oconsideration input
varlaetlon and ground irrepgularitles some additlonal stroke must be eallowved for,
It appours reusonable to add approximotoly 4" to the bag heigh’ to account for
these varlubles,

Onto thls must be added the puckaging depth of the platform which is
approxinutoly another A", so that the final bug helght will be 8" grenter than
the theoretlool stroke required,

It s then seen that equotlon (14) will show thut the stroke is dependent on
the orifloe area, the meun area of the bag, and the bug helght, The bag area is
fixed by the slze of the plutform, and this in turn detormines the bag helght,

dince for optimum performance the urifice area ls detormined by the mean area
of the bng, squation (14) resolves intos

3 w £ (h)) mmmmommmm e e e o e(l48)

The approximation cun then be made that the stroke for optimum performance
will be essentlnlly constant, Lf the orifice dlameter Lls constunt,

Muxinum beg holght in the came of horlmontul volooity components beocomes a
orltioul point, With a high horimontal component of veloolty the plutform will
move [ron abow the supporting bags, besides causing toppling forces, this will
‘magp that the bpgs oould be rolled out from under the platform befors the plate
form comes to rest vertioully or upproaches the ground olose enough for impact
from a reasonatle drop helghty

The correlatlon between bag hoight und allowgble horigontul velooity can be
obtuined by drop tests,

Bug Diameter

Bug dlometer is governed by three conslderationss

1) Rate of volums chunge versus stroka,
2) DBog stabillty as described by the ratic of height/diumeter,
3) Avallable packaging size as deslgnated by the platform design,

The rate of volume chunges uffects the pressure bulld=-up and deceleration
bulld=up, The rute of these bulld-ups and their peak values are dependent on
the relief area of the orifice,

With a large bag ares the orifice opening must be inoreased to limit the peak
presscures and deceleration loads, However, increasing the orifice diameter would
involve an increass in stroke, The solution of bag dismeter becomes a trial-and-
error problem with the top limit being set by Item 3 above,

Bag stability for single byg operation would have to be considered, However;
with the use of a multiple bag arrangement this factor is not as important,
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Disousaion of Perfornange Curves

For design purposes oonsideration nust be glven inltlally to the maximum
decelerations and pressures ocourring during the oompression oycle,

Haxiaua Deceleration

The platform and its load are restricted to upper limits depending on thelr
viulnerability to high mccelerations, The upper limit for this investigation has
“been met at 15 "', vhich means the platform is allowed a deceleration in the
vertioul direction of 13 x 32.2 = 418,6 ft/sec/mec, Thiy means that the bag
reaction (from squation 6) can reach a vialue of 14 times the weight of the load
and platform for vertical deceleration,

The maximum bag reactions for a rg&go,or 1ngdt conditions have been plotted
against the dimensionless parameter Vo< V 2‘ h® Ag resulting in a series of points
approximating a straight line, (Figure 4).

These points were obtuined from the theoretical performance ourves where the
valwe in the dimensionless parumeter were the main faotors influencing the
maximum bag reaction, With values out of the range of optimim performance the
resulting peak reactions were not always within the range of the mean ourve drawn,
This means that use of this "G" maximum owrve is predicated on "reasonable"
gonditions of operation which will ultimately result in optimum bag performance,

The equation of this ourve can be written ass

Ry ,
obimx = 1* .wa V v % .5 - am W oam o (% oA e o o (15
2en !Ao - )

whore Vo is the platform veloolty at the tims of bag contact with the ground,

cénui&orution must be given to the maximum pressure developed in the bag from.
the standpoint of bag design. There are conditions of high platform weights where
the deceleration limite are not & governing faotor but where the bag pressures may
be excessive,

By example, bag reaction = PAo
Ossmax = 13 ) e Op.max w 14

For a 20004 load this means the allowable bag reaction is 28,000 pounds, However,
if the contaot areo at this peak reaction is 7 £2 the bag pressure would be 27,8
pelg, showing that low decelerations do not necessarily mean low bag pressures. In
this case normal bag design would not allow a 27,8 psig pressure and the design limit
would be based on peak pressure rather than peak deceleration, Thus peak bag pressure
must be considered,

By the same method as used in developing the parameter for meximum bag reaction,
the maximum pressure parameter was obtiined (Figure 4), The equation for this ourve
ocan be written as

Pomx-5.6x10’4__&9)_‘_% 05*'--------—-»--—(16)
Aoh =
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Qrifice Sige

The size of the orilfics besldes belng a verlable in the pressures and
deceleration patameters 1e tied into the bag deslipn Irom the standpoint of
optimum performance, N

By optimum performance is meant the most satlofactory decelsration history
of the load pletform., A satlsfactory history will result in the platform being
stopped without bounce or hlgh veloolty impuet with the ground,

Bounce is a result of bringlng the platform to vertlowl rest while there Ls
still a not upward foroe from tho bag dus to alrbug pressure, To prevent buunow
ing it ls not ossentiul to reduce bug pressure to atmosphericj however, tho bug
reaction must be no greater-than the.welght of the load and platiorm, With an
orifice that is too small & relatively slow rate of air escape will ensue, whlch,
besldos causing a high pressure and deceleration buildw-up, will meun that there
will atill be consideruble bag resctlion when the platform comes to verticul rest,

The high pressures will stop the platform sooner than required (platform
bolng relatively high off the ground when stopped) und the high "residusl reaction"
will then bounce ‘the platform upward, ‘

The opposite extreme of too large an orifice will result in a relatively low
reaction through the oyocle since a fast ulr esocape in relation to bag compression
will not allow a pressure hulld-up,

This means that the platform would not be slowed sufficlontly prior to ground
contact, resultlng in an impact shock, See Mlgure 5 whioh shows the effeot of
vurying orifice size. ’

In botwean these two orifice limits ls a raenge of sises which would result in
optimum performance, That is the platform would be brought to a mero or low
veloclity which would not cause impaot shocks and at the same time the proper
orifice sise would heve allowed suffioient alr escape so that the bag reaction
would be too low to cause excessive bounoce,

Once this optimum sime i established for g given bag diameter by trying out

different orifice sizes it follows thut optimum performance for other bag dlameters
can be predicted by direot relations

That. 1lms ‘ - -
=iy

The orifice iime has been assumed to be oconstant for this initial investigation,

Corzelaticns

WADC drop tests as shown in technloal reports WOLEL 53147 and 54«1l indicate
that the decelerator bags used were not opened fully prior to ground ocontact,

Figure 6 through Figure 18 were made up from date presented in these reports,
It 1s noted that the pressure and decelerstinon curves rarely start their rise at

the instant of bag contact with the ground (merc stroke), This is indicgtive of

inocomplete bag extension,
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In such a cose correlation with computed values 1ls unreliuble in thab
prespure gnd deceleration peaks are dependent on bag helght end volume, Referr=
ing to equatlons 15 and 163

st | hon

Gpdax = rlm% e R LR EEEPRYcLY
—

me :fz:EQ“‘ -n-«—--u-n—--——-un-h{lé‘-)
- AcY ,
i d

vhere the volume V and bag height h are the values obtained with the bag fully
open, If the bag is not fully extended then the smaller height ohanges the
pressure and reaction histories by changing the initial point of start for the

alr ocompression,

Plgure 6 through Figure 18 show that the bag helght was not constunt for the
WADC drop tests. Sinoe the maximum decelerations and pressures ars dependent on
this height, there 1ls relatively poor correlation between uotusl and predicted

performance ,

ﬁ: oan be shown from equation 13 that G max is a funotion of the square of the
helight1

Gmax w flE_ﬁ___

mememeem e e = (13)

2gh Ao -
Lage e o G ) s

This shows that a slight disorepanoy in bag height makes correlation with
actul tests dlffioult,
’ By the same token, it is evident that this faotor of bag extension is oritical
and for actual drops, 1f' the bag axtension cannot be governed closely, a wide
variation in "G* Ioading can be expected,

Sinoe the peak pressures are affectsd by the bag height to the first power
rather than the aquare, it would be expeoted that correlation between computed and
actusl pressures would be better than the "G" load ocorrelaticn, The correlation
ohart of maximum pressures and "G" loads (Figure 4) shows this to be the case,

Drop tests in Figure 19 show the same generul correlation, -

Bag Designs

The parameter charts of peak pressure and bag reastion are used to determine
the general height and dlameter of a proposed bag., See Figure 5,

The required orifice sige for optimum performance can be seleoted from the
mean area vs, Do ourve of Figure 5,

The given and allowablas conditions of performance must be Imown, From the
load being carried, a maximum allowgble deceleration may be given, The input or
» terminal parachute velooity must be known,
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: I'rom bag nanufeoturing standpolnt, a maximum allowable ressure Ls determined,
and from the platform belng used a maximum bag diameter may be glven,

The dealgn proocedure [o one of trial and error normally, whers a nomilnal bag
oonfiguration is trled and, Lf not satlefactory, modified to give allowable
prespure and decoleration peaks,

It 1s found that maxinum plutform velooitles and welghts will defiine the
maximum bag helght required from a maximum allowsble presasure standpoint, That is,
bag presoure ls the design oriterlon for muximun welght and velooity, On it
depends the final height of the bag to limit peuk pressures,

\ To determine tho minlmum allowable bug height, when designing where poak
decelerations are the orlterin and low welghts are involved, the prlmury voncern

1s the input voloolty,

4n oxample for bag design followss

Glvens buximum allowable deocaleratlon of 419 .f‘t/ao‘oz » Wwith a platform weight per
bug of 2500/ und an ellowable pressure peuk of 20 psig, Terminal parschute velooity
in 30 £t/sec,

Find the propor bag helght, dlameter and orifics sizes ,

Oa =49 = 13
. 32,2

h w Gﬁ.}“ll 14
ABoune Gn everage bag erea of 6 £t2, Then Lrom iMlgure 53 L

Do - 6 } Ao :—L
5ol

Designing to peak pressures From Figure 5 maximum allowgble value for

Bo., = 35,400, Then solving for bag height; h w Eo x 12
0 Ao x 35,400

h h o 60,5"
Desijining to peak decelerations From Figure 5 maximum allowsble value for

W = o

2gh* ho

Then szlving for bag heighty h u f = 36m
. e h/ 2g Ao 140

This shows that pressure is the oriterion fortgac height and that a 60" bug would
be required with the assumed mean area of 6 ft<,

This height appears too great partioulerly in that it is not a good balance for the
required hoight of deceleration design, To deorease the height a second trial is,
made using & 7" diameter orifice, This requires a mean ares (from Pig 5) of 8 £t°,

WADC TR 59-775
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Using the same method as previouslys

h 36,7 x X 38 = 36" o= = Docelerstion oriterion
o

h = 60,5 x'_%g_ m AhyS" = w ===~ = Pressure oriterion

This appears to be a better bilance of required heights and is in general
agroeement with results of drop tests run in previous tests, Precautionsry design
indicates that the bag height should be inoresased some above the caloulatsd 445"
since it hae besn seen that there is usually a loss in bag height due to income
plete bag extension,

Bag Deslgn ~ Loading Ranges

The present drawings cover two bag heights, a 40" bag and a 50" bag. From the
standpoint of obtaining a lurge range of platform loadings it has been concluded that
the 50" bag is more suited, since it will take higher loadingms than the 40" bag,

A beg with an inltial volume of approximately 25 ouble feet and haight of
50", theoretioally will handle up to 28004 with ground contaot veloocities of ,
50 ft/se0. This would utilise a 7" orifice and allow for a D psig peak premsure,

Examples From the pressure parameter charts

B0, = 35,500 for Puyy m 20
Aoh

but ‘ . °.m5 Bo
X 1l

from substituting values of Ao and h,
Equatings 35,500 = 8975 Ro

Bo = 39,600 maximum allowable
then for oontaot velooity of 30'/a

W = Box2g = R83#
900

It has been previously noted that the full bag height 1s normally not utilised
and the maximum loading per bteg is recommended as 2500¢.

With this same byg, used with minimum values of weight, the weight could be
brought. to rest sooner, However, this would mean a considerable "residual" stroke
remaining, It is therefors oonciudcd that though the platform weights be lessened,
the orifice aise should remain the same,

An 800/ weight at 50 ft/sec will taoke up 34* of otroke before reaching its
minimum velocity, After this it will goin veloocity slowly asince very little bag
reaction (and thus pressure) is noeded to resist tho 800/ weight.

The minimum value of the loading range will be governed in the final analysis
by the component of horlsontal velcoity of wind, For the lighter weights the time
of the stroke cycle will be longer since the deceleration values are lower, and
this will allow for more horisontal traval than with shorter times,

It Ais recommended then that the minimum weights be finalimed after horisontal
drop tests are concluded,
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III. RECOMMENDED DAG DESION

Confilgurations Sinoce the barrel shaped bag is alveady through the design
stoge :nd hus been tested in drops, it is recommended that a oylindrioal beg
be tested,

It is felt that a cylindricsl bag will have no dimadvantages with respect
to the barrel, and will have the advantages of simplicity and more complete
volume opening, A more complete discussion of the relutive merits of the two
configurations will be glven later in this report,

For more efficlent performance the ldeal would be to allow for a constant
preasures throughout the cycle, As outlined in a Aercjet Report # & oconstant
pressure relief vulve sultable for use in this type of a deceleration oycle
becomes & oomplex unit, Its preoision and weight wowld bag Lte ume in the light
of the ﬁLMI of Bxhibit WOLEH=Lefde

The other possible methods of approaching a flat pressurs curve are desoribed
belows :

1) Yariable Dismeters

As dsaoribed 1n the Aerojet Report, a variable diameter orifice would tend
to approach a flut pressure curve, The main detrimental feature, however,
is that the orifice has at all times an opening to the atmosphere, This
is & relatively simple matter to ocorreot with a bung-like plug which
could be easlly instplled and would be blown out in the initial phase of
the compression stroke.

The main design items on this orifice would be to establish the range of
dlameters needed to acoomplish optimun performance, and the variation
of diameter %o bag premsure,

2) Zuo Phase Oyclas T

A seoond orifice, sonsisting of simply a fabric dise with a hole out out

in its center oould be hung inside the bag in a predetermined position,

Its hole sise would be smallsr than the main orifice of the bag, Dependent
on ite locution in the bag, it would cover the large main orifice ata
predetermined point of bag stroke, thus decreasing the air escape rate,
This would cause an inorease in the pressure rise of the bag to give
prolonged bag reaction at the latter end of the stroke.

This seoond orifice would be brought into play after the bag pronlurofhad
begun to drcp, Bag toppling dus to horimental movement, however, may nob
&llow the proper working of this method,

\ir Pag Congtrutd

Several oylindrical type airbags with the variable diameter orifibe were con=
structed for tesl purposess The finalised variatle diameter orifice and blow-out
bung is shown incorporated in the alrbag of Figure 94, This variable diameter
orifice has been developed to a degree in which, though not producing a flat pressize
history ocurve, does tend to flatten the ocurve,

¥ Contreot AF 33(038)3358, Project XM=1079, E,0, No. 539=id.
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This orifice has besn used in test drops in oconjunotion with another progrom
and 1ts levoling action has been oonf'irmed, No tests to date have been made to
comparn the variation due to deaign sise change of this orifice, However, it is
recomnended that this variable diameter principle be inocorporated and several
varlotion on its basic design dimensicne be tested,

Attachment collar design has been changed so that an intermedliate oollar
will be used, Thims oollar is laced to the platform initlully and will normally
remain fixed to the platform through the nylon lacing. It will have snap-type
fasteners on it which will acoept opposite fasteners on the collar of the bag
proper, During landing, the bag will strip away from the intermediete collar in
cross wind drops,

Test Recommndations

It is anticipoted that, although drop tests under free-fall conditions do
not exactly duplicate the constant veloocity desocent of porachute deliver, drop
tents will still be a oriterion for comperison purposes.

From the dosign study the main variables are weight, impaot veloocity,
orifice ares, and useful bag height, It is proposed tha&‘thoao variables be
Introduced into tests to establish correlation with theoretical parameters,

To obtain reliable results, two methods of measuring the drop histories
are recommendeds .

1) Instrumentation to record acceleration and pressure versus time by
osolllographio techniques,

2) Hi-speed camera coversge with timing the distance refersnces, The

results from the two methods of measuring oan be compared for better
interpretation should thers be some question of instrumentation,

Ercposed Test schedule

Three drops of ench ocondition are recommended to obtain an average result,
Initiad tests would be to determine the optimum orifice dimmeter and the remaine
ing teats would be using this diameter,

Following ls a tabulation of the proposed schedules

No. of

Buo Teate -Whow Yo A Lo D Rexarks
1 &) 1400 27 50 5 90
o To determine orifice
2 '3 1400 _7 50 6 90 funotion
3 3 1400 | 27 50 7 90
4 ] 800 7 0 6 90 To determine weight
5 3 2000 27 50 é 90 function
6 3 1400 24 50 6 90 ) To determine velooity
7 3 1400 30 50 6 90 funotion
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No, of

fo Dogte. Wi Yo 4 Zo O Bemarks

8 3 1400 27 ¥ 90 ) To determine height
9 3 1400 27 42 9 ) funotion 5

6
6
10 3 1400 30 50 6 31°; To determine effect
11 3 1400 30 %0 é 60° of angulsr descent

Depending cn the results of these tests, additional drops my have to be
run varying anguler descent ard velocity,

Aoceleration instrumentation should be fixed directly to the platform at its
osnter of gravity (or center of bag reaction) as well as at two other points away
from the first accelerometer so that a summation of muximum scoelerations can be
obtalned,

Initial tests with horisontal velocity components may be instrumented to
check horisontal dcceleratlons to see whether these values are oritlcal from a
stress standpoint,

Test Prosedurs

Two series of drop tests were oconducted, One series covered a runge of
vertioal impact velooities and loadings for a single airbag, and the other series
covered a system of four airbag per platform,

Each drop test was rigged to incorporate & pressure piock«up device whioh was
inperted Into the bag to record the hilstory of the pressure ocurve in the alrbag
during compreasion, Three acoslerometers were looated as near to the center of
gravity as possible on the load system to record the decelerations in the X, ¥,
and 2 axis Auring eoupression of the alrbag., 4 multi-ohnnnol‘ouoilloﬁraph
instrument permenently recorded tho preseure and deceloration, 4 highe-speed
camora waps used on the majority of the tests to compare and uscertain results of
instrunentations,

The arrangement for the test set-up is dopicted in the sketohes of Figures
21, 22 and 95,

In the single bag drop serles, the top surface of un alrbag was attachod
by cord to the underside of the platform of known weipght and holsted to a
predetermined height, A quick releame type of hook released the platform at
which time the instrumentations and movie camers began recording,

Dasentlally, the multi-bag test series were conducted in the same manner as
the slngle airbag werles, except a pressure plok-up cell was included in each of
the four alrbags to record individusl pressure ocurves,

In each of tho sorles of drop testa performed, the intent was to determine
the funotlon of the alrbag due to the variance of the varlable orifice and plug
diameters, welght of platform, bag helght, and impact veloclties, The duta
obtalned for the varlous conditlons is submitted in groph form, which was re=
charted from the recording oseillogriph to deplot deoccleration versus timn and
prossure vorsus tlne, See I'igures 32 through 92,
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Tables I and II are 2 tabulation of the data recelved from the instrumenw-
tation and movies of the drop test, In those sorien of drop tests only vertical
impact veloolties wers performed sinos the test facilities availuble at the test-
ing site were not sultable to handle horlzontul veloolty conditions,

A total of 14 slngle bag testo and 21 multi-bag tests were conducted;

however, tc eliminate repatition, only 3 single bag teasts and 1l multi-bag tests
aro submitted in this report,

" Throughout the performance of the tests, only minor damages were inourred by
the test bags. One airbag was ripped in a descent ocaused by the pressurs piock=-up
tubes, thut were inserted into the bag, punoturing the fabric, Some fabric tap-
ing covering the {lexible cables wes also loosened dus to the impact during drops,
whioch may be considered minor, oince a number of drops wsre conducted on each bag.
The low mortality of the airbags proved out the reliability of the chosen material
used in the conatruction of the airbsgs,

On oarlier drops performed, it was notioced that airoraft cables girthing the
alrbags would tend to be too {lexible for airbegn, The bag, when extended f'rom
the bottom of the platform, would tend to collapse on the sides, whioh lessened
the air volume in the bag und, oconsequently, deoreased the usable stroke of the
bag., later versions of the airbag incorporated stiffer bead rings in lieu of
the {lexible cables, which improved the faulty deformation condition by keeping

the airbag more oylindrical in shape during the drop testa,

There exists a dissimilority betwesn actual parachute~supported and fres=fall
drops in the vertloal veloocity of the platform and airbags. Thore is no acosl-
eration during descent by a parachute=supported losd sinoco gravity attraotion ls
counteraoted &t a oonstant value by the parachute. However, in {'ree-full drops,
accolerotion due to the foroe of gravity is present.

Inatrunentation records of vertical deocoleration and pressure versus time were
clearly reproduced. However, somo of the movie {ilms on the drop testn woie dark
snd not sasily distingulshable. In viewing of the movies, it was noticed that
improper test oonditions exlsted. The bags were luced to the uncdaraide of the
platform, whioh ocould hava been cause for some of tho bags to alent ot ground
contaot., It oan ba realized that in the higher dropa, especially, that the bags
would tend Yo alant more at ground contast, when the bags were rigyed unevenly,
dus to tho "ram" pressure on the airbags. On othor dropa, the platform was
notloed to fall at an angle, These oonditions oould readily be cause for the
alight buokling of the airbagoj which, in turn, caused the edge of the platform to
hit the ground hsfors the oomprassion oyclo was ocomploteds The ground impact of
the edges of thia platform ohow up in the deceleration ourves as high peaks, which
genarelly leat for only a short=time duration.

' The test platforma used ware not those specified, The net avuilabla atroke
with the 45" alrbags was 40" on the slngle bug tost and 36" on the multi-bag

tests, A matter of only a& few inches is involved in tho specifiod 41" usable bag

halght, but a dliforence doess exist, In these drop teata, tha platiform Lo ocontact-

ing tho ground asoonar thun expeoted. In the latter part of the stroke oycle, we

are gotting more work out of the bags and if' thia part of the bag helght ocannot

be used, then an undeairable deonleration dus to ground lmpaot could ocour.
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Data obtainsd from the test instrumentation includes load dscaleration
ourves, bag air pressure curves, and movie film records of the drops,

Bag roacﬁion (in terms of "G" units vs, time) curves were plctted from the
load deceleration curves. From these it was possible to obtaln veloocity owrves,

The ohange in velooity during a omall time inorement is equal to the
product of the deceleration and the time,

dv = & 4t

But "a At" im equal to the product of the ares under the ‘curve through the
time lnorement and a oconstant whose value ils determined Ly the units of the curve,

dv = k X area

The veloolty lt‘bl¥ ground impaot (t = 0) was found from the relationship
v g gt = 32.,2T where "T" is the time from release to initial ground impsot and ia
obtained from the instrumentation ourves, '

Velocity curves were drawn for each test and were then used to obtain a stroke
ourve by the relationehip

, ds = vdtd
or: the ohange in stroke is proportional to the area under the velooity ourve,
The stroke ourves were then plotted for each test,

The work done by the bag to decelsrate the load is given by equation (10).
.z i
gy = Ryde
Bub EBS Gy, by definition, or nb = WGy, therefore,
.
']

y)
diyp = f Reds g W f Gpds
1 1

A graph has been drawn for each test showing the gccoleration in "G's" plotted
against the stroke., The value of the integral _{"*Gyds is given by the area
under the "G' curve between 8; and S;. The work/done by the bag during any
portion of the stroke 1s given by the product of the weight of the load, the
area wnder the "G' curvs through the stroke inorement and & constant whose value
is determined by the units of the graph

Qi = K X ares

WADC TR 59775
16



Certain unavoidable errors have been introduced while compiling thewe curves,
Moasurements of the small seotions of area under the ocurves resulis in some humen
error which is acoumulative in the stroke and work ocurves; i.,e,, the stroke ourve
also inoludes the error in the veloocity ourve, It will be notleed that the veloo-
ity ourve does not always reach aero gt the end of the stroke as it should since
it is obtained directly from the deceleration ourve which inocludes the peaks dus
to ground oontaot of the platfornm,

It is diffioult to estimate the validity of these curves, The error in the
velocity ourve shows that the "G" ourve is not a true indication of the vertical
deceleration of the platform, This can also be seen from the work curves whiech
should show a total amount of work done which will be equal to the energy soquired
by the platform during the fallj i.e, 1/2 uv® /4 ws, The error is belisved to be
introduced during the latter part of %ho stroke when the platform begins to toppile,
During this time the plane of the platform is not parallel to the ground and the
acoeleromsters recording parpendioular to the platform do not give the true
vertioal deceleration, We believe, however, that the results, at least for the
firet 34" of stroke are suffiolently nooura%o for ouwr purposes here,

The ourves obtuined for Test #17 of the single bag drop series, are in many
respeots typlcal of thoge obtulned for the other tests, A sample of the ocalouw
lations used to determinc the velocity, stroke, and work ourves is given here,

From the instrumentation records, we have the bag alr pressure curve and the
platform deceleration in "G" wunite, Since this was a free-fall test, the decele~
ration ourve recorded « 1G from lhe time of releuse to initial beg ground impect,
For our use, however, since we are interested in the bag reaction in terms of "G"
units, the ordinates of the ourve have been increased by one unit, Thus the
deceleration cf the platform and the bag raotion is oconsidered to be mero until
the time of initial ground contaot,

From the instrumentation "G" ourve of Test #17 we £ind the time from losd release
to initial bag ground impact to be 0,660 seconds, The initial velooity then is,

vo - ‘t » (32.2)(.66) - 21.25 !"¢Pol.

We have shown that the change in velocity through a time inorement is given by
dv 2 k X A vwhere "A" is the area under 'he deceleration ourve,

Wo shall take time inorements of ,02 seconds and we must use the ares as given
under the "G" ourve obtained by the instrumsntation or for ease of measurement ve
may use the area for the time inorement between the "bag reamction" G curve and the
line G = 1, =By inspeotion of the units involved on the graph and the_rslation=
ship A = Gg it will be seen that,

dv = L.QQ)%%&.&}A where "A" is the number of squares in the area,

Taking the first time inorement (0. .02 weoconds) we f£ind that the specified area
between the G ouwrve and the 1line G » 1 1lies below G = 1 and contains 18,3 squares,

0.0 d - ‘ a 18. =0. ‘
v ‘-'9%1“3-’-( 3) = 047

Since the ourve for this psriod lies below the line G = 1, it indioutes that
the develeration is negative or that. the platform is agqoltra%ing. Thus the velocity

is inoreasing and its valus at .02 ssconds 183 V = Vo £ dv = 21,25 £ 0.47 = 21,72
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This process is then repested for each .02 second time inorement to the end
of the siroke,

The inoresse in veloocity during the early part of the stroke is to bte expsoted
during free=fall conditions, Although the bag is exerting a decelerating force,
the acceleration of the platform ie still positive (though decreasing) for the
first few ‘inches of airbag stroke, ‘

The change of stroke during a time inocrement le given bys

ds = v at

ors ds w K X A vhere "A" is the area below the velocity curve
through the time inorement,

Inspeotion of tho graph shows that ds = ,(,.mggmg ) A vhere ds is in inches
and "A" is the number of squares in the area, 5 |

The ares for the first time increment contains 268 squares

oo ds 2 mnz)%mm = 5.15 inohes

‘This process is then repsated to the end cf the stroke,

The "G" vs, stroke graph is obtained directly from the previously drawn graphs
by elininating tle time parameter.

We have shown that the work done during a portion of the stroke is given by
AWy = KW x A whare "A" iw the area below the "G" ocurve through the stroke inorement,

The weight of the load is 1385 pounds and after determining "k' from the graph
e have diy), = *ﬁ)’(ﬂs (1385) &

Por 25- £irst e@roh( i.;g;;?zng)(cngaig%ho;%, A mibed
ot = 4 INGeD) = 10y LDS,
kb {'1""’2‘5"(?’)’5 ‘

This procedure is then repested to the end of the stroke,

The movies of this test indicatel as noted on Table I, that the bag was lined
up straight at bag ground contact and then buckled slightly at approximately 30
peroent bag nompression causing one end of the platform to hit the ground first,

The graphs drawn for this test show that after bag ground impact the veloolty
continued to inocroase for ,03 seconds to a maximum velocity of approximately 21,7
£.pe8e at that time 8 inches of stroks had been used and the pressurs in the bag
was about 5 psig, and about 15 inches of stroke had been used, A decrease in
the rate of deceleration build=up oan be seen here, The pressurs built up to a
paximum of 7.2 psig at 135 second and a deceleration is epparent here, At this
time 31.5 inches of stroke had been used and the velocity was 13,7 fps., The
pressure and deceleration then began to decrease until ,155 seconds after 34.5
inches of stroke, the edge of the platform struck the ground and the deceleration
fose sharply to a maximum of 8,5 G, then rapidly decreased, 40 inches of stroke
were uned in .23 seconds, The velocity error is apparent here,
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All the teasts for the multi-bag ssries had a 38" stroke except test numbers
19 and 20 which had wtrokes of 33" and 28" respectively., The high impact
deceleration obtained for these tests indicate that the shorter struke is not
practioal for the required loading range of these alrbags,

The Orifice Funotion on Tegt Reasulis

The curves obtained from the tests indloate thut the initlal part of the alr-
bag compression stroke is relatively ineffiolent with respect to the work done dur-
ing the latter part of the stroke, This is due to failure of the pressure to build
up to an effective working valus during the early part of the stroke,

Pigure 20 shows the effcot of plug blow out pressure on the pressure ocurve,

| The theoretioal constant pressure required to stop a load of 1400 pounds with an

initial bag impact velooity of 30 fps is shown by the line "A', It is #lightly
over 7 pei. Prepressurisation of a bag im an attempt to approximate this line,

The pressure curve we desirs without prepressurimation is shown by the ourve "B",
The normal pressure ourve obtained with the proesent blow curve shuws a considerable
deorease in the rate of pressure build-up when the orifice plug blow out ocours,
This indicates that a more efficient bag will result from an increased plug blow=
out pressure which will build up an effective working pressure earlier in the stroke
as shown by the curve "D", This is an attempt to approximate the ourve "B" more
olosely, It will be noticed that the peak pressure decreases as the blow-out
pressure inocreases., This is because the bag ' is doing work earlier in the stroke
%hus deoreasing the velooity and giving the alr more time to emscape per unit of
stroke whioh repults in a higher work output by the bag with low G peaks,

. "I‘oxtut the validity of this conclusion the following ohart was derived from
able Is

Orifice Piuc Blow Out Impe 0t (Av) O (Av) G

~Dia..  Dia, Eress (Ay)  Meight Vel (ave) Mx.. Iupagt
beb 6, 439 1385 25.85 6,92 12,62
5 605 3033 1385 2605 7036 1" cl
5 6. 3,08 1385 26,0 .80 18,3
5.5 (W} .67 1385 R6,2 8,65 18,7

The welghts and average bag impact velooities are nearly equal for each type of
orifice, The highest average blow=out pressure was attained using the 4.5" orifice
with & 6" plug. This gave the most satisfactory results as predioted above, The
average G Max and G Impaoct were both lover than that of the other orifice types,
This means that although G Max was lower, more work was done during the stroke
indicating a more even bag reaction during the stroke, It might be expeocted that
an inoreased blow=out pressure would inorease the tendency for the platform to topple)
however, the lower G Impact indlcates that the bag stabllity is not deoreased, The
chart also shows the aversge G Max and G Impact hoth increase as the blow=ocut
pressure decreases,

Thus, the bags utilizing the 4.5" orifice with a 6" plug were the most officient
of those tested but aince this typs of bag had the highest blow=out pressure, we
cannot conclude that this is the optimum bag configuration., It is recommended that
the tests be continued to determind the optimum blow-out pressure,

Loading Range Deta

Two series of tests were oonducted, each covering a range of vertical impaot
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velocities and loadings, The first series, conduoted on a single _airbn_g insluded
verticul impaot velooities of 21,25 fps to 31,15 fps and loadings of 1) 3 poudae,
The second series had four alrbags per platform with velooities of 23.6 fps to
32,04 fps and loadings of 1250 to 1850 pounds per airbag.

The sises of the diaphragm orifice and plug were varled during the tests oon=
ducted, However, the majority of the tests were performed using the 6" plug with
a 43" diameter disphragm orifioce which depioted the most satisfactory results,

A few tests in the multi-bag series exceeded the desired "G" lociing, however,
in most of thess cases the movies indicated poor tests for verious reasons as
noted in Table II,

Then it may be concluded that the tests oonducted with the 4§" orifice and 6"
plug which had a loading range of 1250 to 1850 pounds and impact velooities of
21=32 fps are satisfactory as borne out in the Mechanios seatlon of this report.

Furthermore, in ocontinuing the theoretical calculations, we find that the air-
bags could satisfaotorily fall in the range of 800-2200 pounds with impact wvelocities
of 2130 fps,

Alrbag Bfficlency

Severul methods of comparing' the efficiencies of airbags during deceleration
of various loads and impact velooities are of interest,

The work done by the bag to decelerate the load is given by equation (10)s

Wiy = __é.z"b"

But, s.b = Oy by definition or Ry, = Wdy

2 ”
Therefore, Wy, = _[ Rpde = W ‘[ Gy dn <A
1 ‘\
A graph has been drawn for each test showing the deceleration in "h' s plotted
against the stroke, The value of the integral ._{“2.0,ds is given by the area
under the "G" curve on the gruph betwesn S, and 8y, The work done by the bag during
any portion of the stroke is given by the product of the weight of the load, the

area wnder the "G" curve through the stroke increment, and & constant whose valwe
is determined by the units of the graph,

The work required to stop the load is given by the energy aoquired by the load
during the drop,

W, = WVE £ WS
kp =

We now have one method of determining the efflolency of the bagsj that is,
the ratio of the work done by Qho bag to the work required to stop the load.

Ry = Wi
N

This method, howsver, gives ur no information regarding the maximum decelera-
tion on the load during %he stroke,
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Thoe maximum permissible deceleration on the load has been wet at 13 G's,
This suggests another method of comparing the bags; that is, the efficlency of
the bag in stopping the load within the required limits of decelerstion or, 13
divided by the number of "G's" at the peak of the deceleration curve, A glance
at the deceleration ourves shows that the ourves all rise to a sharp psak near
the end of the stroke when the platform topples or the edge sirikes the ground,
This condition would not be as likely to exist during a parachute drop because of
the groater number of bags and the stabilivy furnished by the parachute and plate
form, On many of the ourves the deceleration rises to a peak dus to the decelera=
tion foroe exerted by the bag, then begins to deorease and then rises to a sharp
peak due to oontact with the ground, We, therefore, chiose to ignore the peaks dwe
to ground oontact in the effloiency caleulations and use what is indicated as due
to the bag. .

Another method used to determine the ufrioionoy of the bag with respect to
the deceleration on the load is given by the average "G" applied to the load during
the stroke divided by the maximum number of "G's" on the load,

The average "G's" during the astroke was found by the relationship;

'GAV‘ = \vlk 12
8 W

This method gives some indication of how sveuly the foroe is being applied
through the duretion of the stroke,

It is still desirable to £ind how effiolently the bag is'using the stroke,
The theoretiocal stroke required to stop the load without excessive decelsration

- 1s glven by;
2
Sy =
w3

The efficiency of the bag is then found by;
I4 = Vbz Where "8" is the net available stroke

Za

8

~ The theoretical stroke found here is very small compared to the net available
stroke causing the efficiency to be very low, Also, the results found here give
1ittle indication of the bags! performanos since the net aveilsgble stroke is
always used completely; for bage having the same stroke, the only variable would
be the 1npaot/v:19aity which would therefors determine the effioiency,

We now Nave 4 methode of £inding the effiolency of a bag)

() & = Wyp (R) B, = %2____
Wip max
(3) LS "g‘i . (4) E = B.gh

The resultes of these methods are given in Table III,
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The values obtained for X, vary from 100% to 4%, The method of caloulation
depends upon the socceleration ourves obtained during the tests and the acouracy
with which the areas under the curves can be measured, The wide range of values
can be attributed to distortions imposed upon the scceleration ocurves due to
premature ground contact of the platforms, Generally spesking, however, the
figures tell how effectively the bags are doing the work required to stop the
plstform, thereby giving some indlostion of the resultant velocity.

The reasons for the high valuss obtained for Ro are obvious when the method of
caloulation and the maximum impaot deceleration figures are oonsulted, The
majority are well over 100§ indicating that they were not decelerated by the bag
in excess of the 13 G maximum speoified,

‘Low vajues were also obtained for %, and B,. The results of E; have been
discussed and those of B3 are obvious, “The latter has little meaning other than
a neans of showing hov evenly the force is being exerted during the stroke,
Certain portions of the stroke wherein little work is being sccomplished suoh as
the initial part when the bag is compressing result in low values of 23.

Conoarison of Test Numbers 1L, 12..and.13 For Tho Bffeot Of Drop Helghts

Tests numbers 11, 12, and 13 were oonducted with all oonditions of the drop
test being the same except for the drop height, which was varied,

Each of the drops had a load of 1550 pounds zor bag with a system of 4 bage per
platform, Test #11 was dropped from 9 £i, test #12 from 11'=5", and test 13 from
a height of 14 £,

Ourveas of work versus stroke for each of the three drops were plotted and super-
imposed on one graph shoet (aee Figure 23), It is noted that up until the bung is
blown from the bag, which occurs in the neighborhood of a 16" stroke of the bag
for each drop, the three nurves are identloal; denoting an equal amount of work
being done by the bags regardless of the height from which the bags are released,
This follows a general line of reasoning since up until the bung is blown out of
the bag, & olosed pressure system is had in the bag which will give the same amount
of work done by the bag.

However, after the bung 1s blown from the bag, the work done by the bag varies
to the extent that the highest drop will oreate more work done by the bag at any
speoific stroke point, This change ca, be readily seen in observing the velocity
curves (see Figure 24) which deplots a stesper slope for the higher velooities after
the bung 1is released from the bag, So that, more work is done by the bag from
bung release to complete compression of the bag. Even though the ourves for oom=
paring test numbers 11, 12 and 13 looked fairly good, which would indicate
suocessful drops, movies and test observation showed otherwise. The movies for
each of the tests showed the bags to be spread-eagled on desoending from the drop
height whioch denctes the bags were not funotioning at their best,

In referring to comparison test numbers 9, 1ll, and 166 we surmiged that test

number 11 did mot do the work as should have been done, Therefore, it appears
that tests 11, 12, and 13 wers not good tests,
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Teats nuubers 14, 15 and 2L were ocnducted with nearly equal velocities and
varied weights, All other conditions were the same.

Each drop had a bag impact veloolity of approximately 29,5 fps,

The platform had 4 airbags and the weights for tests 14, 15, and 21 were
1550 1bs, 1850 Lbs, and 1350 1bs per bag rospectively,

Work and veloolty curves were again plotted and aupesimposed for these tests,
(See Pigures 25 and 26),

Test #14 with a weight of 1550 1b/bag had the highost work ourve end the most
rapid decroase in velooity, Test #21 with 1350 1b/bag load had lowest work ourve
and & residual velocity at the and of the stroke,

This bears out what has been predicted and shown from test results in other
phasss of this study, that is, a reasonable weipht range variation has little effect
on this work output of the bag au compared to the effect of variations in other

conditions such as veloocity,

Toat numbers 18, 22 and 23 were conducted with similar weights und impaot
velooities, The oririoo end plug simes were varied,

The voléoity and work ourves were superimpecsed and plotted in Figures 27 and 28,

Test #22 had the lowest blow out pressure with a plug dlameter of 6" and an
orifice digmeter of 5,25", This test also had the lowest work curve and the lowest
rate of veloolty deorease as expected,

The higher blow out pressures of test numbers 18 and 23 guve more satisfactory
results on the work and velocity ocurves, Test number 18 with a plug diameter of
6" and an orifice diameter of 4.5" appears to give the best results,

Ocmparison of Statie Drop With Actual Earachute Droo Test

Instrunented parachute drop tests were conduoted at El Centro, Galifornia in
Januwary of 1958, Visual observation and instrumentation records indicated that
Test #5 conducted on January 14, was a test with a wind velooity of 5 = 10 knots,
We therefore, chose to graph this test in the same manner as the static drop tests,
On comparing these with the gruphs obtained for the statioc drops, we find oconsider=
able variations in the ourves, The deceleration curve sppears to be unreasonably
low resulting in a small work output by the bag, This is due to the low pressure
ourve which seems to be characteristic of parachute drops, possibly becguse of the
horisontal motion of the platform during the stroke, The general type cf ocurve
obtained from the parachute drops also differs from those obtained by the statio

drop test in the upward and downward sense of concavity at the beginning of the
pressure build up, This also may be dus to the horisontal motion of the platform,

The energy input of the platform is given by
1/2 4 VR AWy = 20,220 £t lba/bag
€
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This is the work that must be done to bring the platform to sero veloolty,
By integrating the G = stroke ourve, we Lind that the work done by the bag plus
that done by ground impact is approximately 10,000 ft lbs/bag., The magnitude of
the difference botween these two quantities leads to mome doubt of the validity <
of the deceleration cwrve,

The goneral shape of the ourve, however, is similar to those obtained from
the statio drops indicating some correlation betwesn the two,

It should be noted that the veloolty of the parachute drop does not increase
during the first few inches of stroke as it does on the static drops, This is
to be expeoted because the static drop has a deceleration valus of = 1 G at
initial scceleration, The result is a oonstant velocity for the first few inches
of stroke until the bag builds up suffioient working pressure to exert a decelerat-
ing force,

It vas noted that a oylindrical bag was chosen for this study because the
barrel shaped bag had already been thoroughly tested,

Initial investigation of airbag decelerstors began with the barrel shaped bag
because of the struotural advantage in that the materiul is under less stress vhen
pressurised, This, nowever, is compensated for by the reduced seam area of the
oylindrical bag which is a oritioal area strengthwise,

It is generally believed that the oylindrioal bag will have a disadvantage over
the barrel shaped bag in thet the stability will be reduced, It is felt that the
barrel bag will have a tendency to roll under the aotion of an cblique inmpact,
whereas the oylindrioal shaped bag will be more likely to buokle, We nmust be more
oonocerned, however, with the stability furnished to the platform by the bag than
the stability of the bags themselves when attempting to compare the bags in this
sense, The fact that the oylindrical bags cannot "roll"! under the platform may
inorease the resistance to the horisontal motion of the platform and thus in some
olrocumstances may inorease the atability of the platform, It was noted from
cbhservations of parachute drops that the bags would tend to shear from the plate
form by unsnapping the fasteners at the points of attachment under oconditions of
high horisontal velooity thus enabling the platform to slide slong the ground,

No attempt is made here to compure the aotion of the bags under horisontal
motion of the platform but only to show the diffioulty of making such a comparison
without aotusl testing, Similar performance is expected from the two types of
bage in actual tests because of the innerent stability of the multi~bag system,

Some of the advantages of the oylindrioal bag over the barrel shaped bag that
:hould\bo taken into oonsideration in any evaluation of the relative merits of the
WO ares

1) More complete bag extension |
a, The barrel bag hoops may tend to bin&gtogathor in the collapsed position

(wtowage), whereas the oylindrical bag's hoops are of tho same diameter
and rest on each other when collapsed, ‘
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b, When in the extended position the weight of the barrel bag tends to
0ollapse the ourved walls of the bag inward resulting in mn incomplete
volums extension,

2) Simpler oonstruction and fabrioation
a, Less seaming of patterns
b, Less gore patterns

3) More efficlent

o, The oylindrical bag has been shown to be superior in static drops
as well as actual parachute drops,

4) More economical to produce becauss of its linplor‘oqnntruotion

5) Oonstant area of oontast throughout the stroke resulting in & more constent
work output (higher work output per psi at beginning of stroke),

Two other types of airbag oconfigurations, a coniocal, and a skirt type bag, were
oonsidered, The first was a oonioc frustrum bag., A bag of this type will naturally,
under loading, compress from the end with the smaller diameter, Thus, we have at
the beginning of the stroke & small area of contaot and low pressure, .These
inorease slowly and the bag is well through the astroke before suffiocient area and
pressure is available for the bag to do any appreciable work, The bag also has one
disadvantage in oommon with the barrel bagj that is, the hoops may tend to bind in
the collapsed position preventing proper extension, For these reasons, the conloal
bag was considered unworthy of further inveatigation.

The skirt type bag vwas & long width of fabrio stretohed around the entire
perimeter of the platform and hanging down freely, At ground contact the air would
be trapped in the rectangular space between the ground and platform and restriocted
around the sides by the fabrio, A model of the platform and skirt, however, was
built and tested, and proved to be unsuocessful due to the large rate of air esoape
from under the skirt. A4 design of this type with an enclosed bottom was considered
but found to be unpraotical from the standpoint of weight and stowage space due to
the large smount of materinl required and the gauge of the material required to
withstand the high stress resulting from this type of demign. The fact that this
is, in efffect, a mingle bag deoreases the stability furnished to the platform,

This dezign was thersfore, discarded,

sirbag Dimensions

Alrbag efficlency is influenced by the height/dismeter ratio of the bag, The
airbag stability wil) be deorsssed ss this ratio inoreases but no maximum limit
has been set for this value, The ratio should be kept am lovw as it is possible to
comply with other requirements, The present ratio (45/35 = 1,285) appoars to be
within the allowable limit,

The pressure required in the bag for an efficlent work output is determined by
the bag diameter or the area of contact between the bag and platform, The present
bag has a diameter of 35" and an area of 962 sq in, An inoreass in this area would
result in a higher work output by the bag, The upg:r limit of the area, however,
as set by the avallable space under the platform, ham heon reached,
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Since the diameter, in turn, limits the stroke, as shown above, we feel that
these dimensions are nearly optimum,

No information is available from aotuel testm on the effeoct of partitions with
alr matering devices within this type of alrbag,

The result of such & partition would be a decrease in the rate of air escape
from the bag after a point of the stroke determined by the position of the
partition in the bag., This would cquse higher pressures to build up in the latter
part of the atroke,

It has been shown that higher pressures are more desirable during the initial
part of the stroke to inorease alrbag efflociency and it can be seen that due to the
direct relatlonship between pressure and G load, that an inorease in pressure during
the latter part of the wtroke may not be tolerable dus to the resulting G load
increane,

Other disadvantages of an internal partition would be an inoreased weight and
initial airbag cost. Servicing diffioulties of an internal partition and orifice
are obvious, -

If the internal orifice were to besoome plugged by the compressing airbag, the
result would be a ruptured bag or platform bouncs, This plugging would be diffie
oult to oontrol during the angular descent of a parachute drop,

It is therefore our belief that nc advantage vould be gained by future investie
gation of this funotion that would offset the disadvantages shown hers,

Erecressurisation

Prepressurisation is an attempt to obtain an approximately conatant pressure
throughout the stroke (see curve "A' of Figure 20) thus obtaining a steady work outw
put by the buq‘throughout the oomplete stroke, This would theoretioally result in
& straight "G" ourve which would be the lowest possible "G" pesk" velue for a given
velcoity and welght, thereby giving the bag 100% efficlency, S

Obtaining a straight pressure curve would bs unpractical of oourse, and un=
necessary to oomply with present decelerator requirements; however, we feel it is
possible and desirous to approsch this ourve by prepressurisation,

The present airiag is well through the stroke before sufficient pressure is built
up for an effective work output by the bag. Part of the stroke is used to expand
the sides of the airbag out to the maximum diameter then about 10" of stroke is often
wsod to build up 2 peig pressure, Frepressurisation would result in a more oomplete
bag extention and an immediate work output by the bag, ~

Ample storage space is available under the platform among the intercostals and
the inoreased welight would be a small percentage of ths total weight of the load,
The inoreased cost would have to be considered along with the triggering devices
after the anti~toppling doors are awung open, Since the present airbags are made
light as possible and are not completely impervious to air leakage, the timing of
the inflation of the bags should be as olose to ground contact of %ho load as possible,
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Disousaion

The original design was based on the use of a materisl which maintained its
flexibility at low temperatures, and on an orifice which hed a varying diameter
dependent on bag pressure, Bags supplied have s minimum rubber coating and an
orifioce whioh is relatively stiff, The stiffness of this orifice is such am to
give a bhung relesss at approximately 6 psig bag pressure,

From the results of drop tests run on single bag platforms, it was noted that
the orifice expanded and contracted during the deceleration period as antioipated,
but the bung release was at toc sarly a time to satisfactorily retard the higher
energy input louds,

A revised orifice which was made considerably stiffer resulted in a higher bung
relesse pressure and more energy absorbtion, For 1400 loads at 24 £t/s this
orifioce appeared to be nominal, However, for lower input energies there was slight
bounoing, and for higher energies, ground impaots,

The bags, therefore, are for a nominal range of operation and improvement of the
spread in the energy~input runge appears feasible by variation in relief and meter=
ing demign as well as by use of bag pressurisation, should thet be desired,

Indications are that further work should be directed toward investigating the
orifice and release pressure of the bung. An lnoresse in required orifice ares
and/or bung eise with the presently proposed platform oannot be made by keeping a
olrcular configuration, An elliptioa] shape would allow for an srea inorease with=
out conflioting with the interoostal platform stiffeners,

Use of a second ring which would be larger than the relief orifice and would
aot only to hold the bung until the proper pressure point appears to be desirable,
With this system it would be possible to attein a high pressure relief point withe
out msorificing flexibility of the variable orifice,

In line with increasing the effiolency of the bags we have investigeted,
separately from this oontract, a potential source for rapidly inflating the bags
by use of explosives, The Pittman-Dunn Laboratory at Frankford Arsenal in
Philadelphia was contacted and oonsiders the problem pressnted to them ss being
falrly routine, Mr, LeVino of the Arsenal brought out that they would be willing
go‘mako:a mke-shift demonstration of the prinociples involved upon our supplying a

a8

Since it is our understanding that detailed work on this inflation system is beyond
the soope of this contract, we are not prepared to enter into work with the Arsenmal.
However, if we supply requirements to the Arsenal, they are willing to furnish a
propolui for time and money, This point is brougﬁt up in antioipation that WADC may
Want to consider rapid inflation with the prospect of inoreasing the efficienocy of
alrbag deceleration and raising the energy absorbtion capabilities of airbags.,
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IV, MATERIAL STUDY

The final bag design must fulfill requirements of pressure, repsated use,
proper extension under low tempersture conditions and packsgability,

Pressury - From drop test reports and the estimatod range of bag loadings it
appears that pressures up to 20 paig may be encountered, This pressure build-up
is high in relation to the otherwime light weight and flexible construction that
is required for the bags. It would require reinforcing the bags by use of
oiroumferential hoops which would take some of the strain from the fabric and
seans, This has already been done in previous bags.

¢ The bags are required to withstand repeated use, This is not
s specific requirement; however, it is assumed that a minimum number of drops will
eventually be specified,

The vulnerability of the bags ocunnot be definitely established; however, it is
highly probable that besides the normal flexing and pssk pressure conditions that
will exlst during drops, the bags will be subjected to abrasion and outting actions
of the platform and terrain, The main method of inoreasing bug life from an
abrasion standpolnt is the addition of protective coating, This, howsver, will
result in a stiffer bag whioh may not perform satisfactorily in extending itmelf,
prior to ground contmaot, Sinoce the requiroment for full extonsion is greater than
abrasion resistance (in that s non-extended bag would be of little use in a drop,
whereas un extonded bag which had to be replaced after a limited number of drops
would at least have served to good use for the limited time), We would say that
additional proteotive coating was a seocondary requirement to be satisfied only
after bag extension characteristios were met,

The prime concern is that the bag will fully extend under low
temperature conditions,

To detormine the bag "extensibility" and obtain correlation with a test
procedure, two types of testa were mude, A bag was made up to the proposed
dimensions and oonstruotion, then packeged into its collapsed state. This package
was then subjected to low temperatures ian a cold room, conditioned, and then re-
leaned, The amount of oxtension wes noted,

Lhe Qontrol Test wes the Gehuan Ocld Torsion Modulus Tegths

Figures 29 and 30 show tests on plain compounds and nylon reinforoed
compounds,

An airbag mede up of material (1), Flgure 20, extended 18" and 14" in two tests.
The Gehman test on this fabric for =090 showed a twist of approximately 1640 vs,
an original of 166° at room temperature,

Bag made up of material (2), Figure 30, did not extend appreciably when re-
leased, This hus Goodycar Compound 52904 in its main makeup,

WADG TR 59775
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From the cold Torsion Test on oompound alone, it is apparent that Goodyoar
Compound 28601 has the grestest potential for use at low temperatures while still
maintaining £lexibility,

Goodyear Compounds 70940 and 52904 are approximately the same but somewhet
poorer in flexibility than the Goodyear Compound 28601, We have processsd nylom
oloth with the Goodyear Compound 28601 for manufaoturing into a beg and expeot
that this will be the ideal fabric for flexibility,

Beside the flexibility of the compound, the atiffness is also dependent on
:xor;al% gauge of the final materlal, This gauge is Leing kept to a minimum for
e testa, -

To obtain improved extensibility of decelerator bags, additional materials
were investigated, Initlally this investigation was chocked by running Gehman
Cold Torsion Modulus Tests, to discover relative ilmprovement over past materials,

Figure 31 shows the results of four materials investigated and compares them
with the initial materials.

Although there appears to be only slight improvement of the rubber compounds
over the neoprenes (1? and (4) at =400F, the difference is much more moticeable
at lLower temperatures,

Cold chamber tests of bags made from material numbsrs (1), (2), (8) and (9)
resulted in the following tables

' ) T~ % Twiet from Goggal
W At Texpevature %0 |
Material Baseboard | Welght «# 40 =50 =60
I« N Y W a7
1 50 | 63 j 100 100 .. 50.5
2 I S - S & |
8 & | 200 | 200 9 @8
9 | 1 .90 100 97 19

This table also shows results from the Gehman Gold Torsion Test. The percent
twist figure was obtained by comparing the twist at the temperature noted with the
original twist made at room temperature,

The difference between the ocold box extension test and the Gahman Modulug

test are suoh that no positive ocorrelation can be made, However, it appears reli-
able to show trend directiox,

WADC TR 59-775
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A third influoncing factor in the cold tests is the possible freesing of
moleture on the bag, Tho tests made on the aswembled bags did not take this
freeping into account. In the packaging specifications Lt will have to be
brought out that with sub-freeming conditions the bags will have to be completely
dry so that the material whon collapsed in the puckage will not freese to itself
after packsging, This may not be & practical consideration and investigation is
to be continued on lubricating the bags with graphite,

Eackagabllitys The bags must be able to be packaged into approximately a
3 to 4 inoh depth. This is & minor problem with the barrel shaped bag in that
any hoops used telescope inside of one another, The present barrel shupe has
glven no trouble with packuging,

A oylindrioal bag is the best shape from & design strength, and cost of
manufacturing basis. Its main limitations are poor packagability if reinforced
with metal hocps and poor stability if used ss a single unit under a platiorm,

These two faotors are not of great concern, however, in that if a
oylindriocal bag is otherwise allowabie, the decremsed stress condition would
allow for less materisl in the hoops., The hoops would also become less eszentisl
in bringing the bag oross meotion out to a oircle. With the barrel bag, hoopa
werc necessary to pull the bag oiroumference out fully,

From the ltandzoint of stability, a oylindrical bag would be sstisfactory if
used in miltiple unlte under the platform, so long as a normal ratic of stroke/
diameter is maintalned, Flatform toppling due to uneven loading or horiszontal
movement will tend to be corrected by a oylindriocsl as well as a barrel bage

Bag Couponentas The main b,g component is the orifice, Its area and method
of regulating bag pressure, as well as its expendability and simplioity of design,
are important factors,

~ To insure a positive and predictable bag performance, the orifice must be
consistent in its aotion. The most satisfactory system of relief is a metal
orifice with a blow=out plate, the plate being fitted to the orifice with & steel
gasket and shear pin, Results obtained on this type of relief show that oconsistent
blow=out pressures oun be attained, The orifice and plate is heavier than rubber
components and is falrly diffioult to install, From the standpoint of simplioity,
this type of orifice is undesirable,

It has been noted in the study that the relief point where the orifice plate
blows out 1s not too oritloal, If blow=out occurs at an approximate pressure of
6 psig, the bag will perform well, With this in mind, development work has been
initiated to make an orifice and plug which will hold the pressurised air in the

range of 6 psig,

The second desired design on the orifice is a variable diameter, For proper
functioning the spring or extensible. ciroumferential restriction must be developed
for proper design. This 1s a combination of material as well as design development,

Attachment fittings to tie the bag to the platform will be of a snap=on type
to permit ease of installation as well as rolease under stress as the platform
moves horisontally with the ground at contact,

WADC TR 59=775
| 30



1

0

Pl = PSIG
FIG, |

¢
L

”
{

P ~ - e —
e+ | e ot e

B

e e e e

H

K~ S
©

o
»

“13 "05 7 03S /% — 1H9

s i

|

3A MO15

7
|
i
l
H
5
|

0

JANG TR Yy

1
¥

|

3!



P — e e e e e

¥

—— e e e e e e R e P USRS

i —_—] S S i - :

I S3HONI — 3MON1S
| m : _ :
O 2 - A B . A AR -

S e A —r——— e e L -

&

. _ *

T

T T e e e e

e e

!

&
*

.

LA LEEO LR T STE T EOREW EUPRE IRRY [ SAPIONS TR SO 1N, | P

e TE)R ¥ ik

0974

i . w
BUVEHEX BT X 8! :
IIOYLS SA ¥3uV ® INNIOA | T=m:

- N B , I ey

|
I
|
i
d s
~10
~yany
|
b5

|

{

L
WATIC! 1

u‘& £ DN

-
| |

! fy
& [

)




2Nk

" 1Sd —— SS3ud_

31N0770S8V,




,i.
C
b g
|
|
|
!
l

st e Jewes

THEORETIC

PR N

R R (S TR RN T

Yo

e s i e e e e ot = e e < o e [PR—— -—— - - = - - - -

M.,tl-il;ltniwlalllu!i,}il T UXVYyWwd 0 T T

—_— 3 . [




P B o

PO 2 e W o i

B

TER

e
TERS

R

;

CE

%F
AM

ﬁﬁgi

i

=y

Z

P
AL

;

0

;

i

ENSI

H

—=DIM

FIG, 8

80

aV‘: v.‘
ﬂjhz‘

o

TP

1333

35



|

TROKE OF 28.5 IN,

T

RTS SUPERIMPOSED qlve NET
FIG. 6 |

!
{
i

€ CHA

BOV
174

)

NOTE)
WAnG b 59

i

36



STROKE + IN.

P

T

i
¥
¥
:
kd
3

9 @ 9357/ 13 ALPOOTEA

37

/
1

1
¢

WADE T ¥pat7



—— e

U -

9@ 935S/ 13 ALI9OTIA

9 7035/714 ALIOOTEA

!
4

I
#

WADO I Bomby



98 93S7 14

ALISOBA

S B 5357 '13 | ALIDOT3A

: L. M
1 . :
i : ] ; =
(Y] ‘ p-ing b od -— L= W ﬂnww
H o
o]
=
=

P




o L)
< <
- - P - - - - - u

)
{

1000

'
|

147,16, 20 |,
032164,

=
)
)

)

STROKE = IN.

E|53
5" DI
[ -

!

L.
40

e
|

F'ieﬁ |0

R - 3

o e e e e e

o3

/

9 % 93s/

14 ALIOGI3A

U O U

s e e e e

A = . c J N~ G i%pi ~

98 93S/ 14 ALISONIA

WADG TR Hoa by

40



- I b
, i

T

2 P — e e
R H

e - o R,

£

-4

—_ .
* ,
i ‘i :
i i w
_ T “ M -
e i
- — - I T .
i [
- 1 H B ‘ ‘u
o ——- S S ; $ .
0P S S S _ 4 I : i =
P I S| | i A b3 <
"= ¥ : : i N\ - T T T T T =
l'.&POlll ek ! ———— [ | I I T e - .
— — . . 1 k
= - i ‘ = ‘ p__ @
- k P Ed ——
Mkm L W‘Il!' ! * — |Na\1
Ol' K 3 * ] ] (A1 e B S R T T S T - -
‘o . mi - . 1 ! oo e - -
ER=-% : s K 1 ‘
g= i 3 [} T T T T T
BU3 8+ R N S i — § e = e e e
w _m - ; [ m .
I S g o e
—— 'lllnil..lm'l!‘ 4,!| - 1 i » — — - e e -
. ; U S S | LS v . T
) ] 3 w T
‘ i : 1 . i I ‘ =
; i . [} Iy o . 3
. : _ &
i L o~ T O : =5
- v 51 - % = e - 3
i 93S7 13=—=X11303A E=
N C o T . L L !W
P ; i =

41



Hi o sy

R e

\

- i Q - ylh ..01
¥ < :
M,, m - - ||I'x|¥‘%’nl!’|(i§

\
vin-ﬂ-—w s o n\e P
*«

3
1
I

: — e s
—— Ly — e o
¢
z . !L.._n, - // =z T T T
7 ) ) =
I

PR ey
SO .. X o e D
nok . — O ;
~00 T 2
i Y © St e R -l
T x O @
' - ! [ -
e S :
Pl & 1 i
1 g : ! - T T
e e : T e o
< S S S ‘ o I
= : i _
. : ¥
LA - - :ll.+.|l i e —— .w — ey e - - ———y — e - - —
A S i ; | R | B
e e e . * '

N : 1 H TTTTITTRYT T T T T T T T T e
A ! : B LI ‘ R (=
: : : —— r—— - «- :
S ,ﬂ - o o IR
e T 3 B 3] ; :
3 i T h

S

-
sl o th- R

e

42



i)

5 e | g

40

e | ssaem |

16, 24
@A,

'

:

i

i

| X0

84+

7

= 100

CLE

6!

= \ s
, > / . :
: - - m 7T
*
1  _ R
L - -
1 i .
| _ € e
H AW
1 F o
A 3

m M .nlm

———————

m!dﬂllwm:mwwmﬂ-

I 1.0 —_— gmawuw

43



.

Fi
£ e e -
M v
‘ m ‘. , T
_ . , [ H —_— . b e
. ¥ H R
hd : ;! i < U
L3 ——— e — e — T —_ — e m
: ] :
e L — e e —
A‘ | S : . - ] o
i I I
i o~ ;
‘ o M
— i,lm —
I ] _ o o e
Lo P - B
A i

30 - Nv
~ Z . : S
o< e KN i 7 \ olws A
ju I " \l\l- i leﬂ\-iw o
~O w i -
-k — ¥ - - e .
iIT-0Co S w \ \ S i -
E b —_—

o i
i xXs | I

s N

| £\ —
h i i _
! ‘ P

- ¥

t —

44



+ i ¥

* »
N _ 1 ) 1
$ z -~ -4 e e s
: ¢ . i C T
i - & N
: . —_ — - — e

) : - ——

- - F SO : *
- B — e e e e e © e e e s — ——

-!W e b v
/ i
o)
.
!
!
|
l
|
|
i
i

z
i
]

‘ ; X =
O : o - M
XK= @ s
-

o

STROKE = IN, .
FIG. |5
45

. e R e ek

¢ N — T B
L §
——— e - . e —— e e R -
i — = PE— e ———— e JR § S B L . T
S, ——— e ! :
R S _ : ! R
r— . ) : T - -
S 5 ; _ : N . 2
———— e ..\ v — e Q o
Y] = -© ; ; = & —LQ - o -

R [N

JUNSSIVC M7 ALI90T3A

i - V¥ —— A1I9013A

- g = NOLLYH37393( o , ,, 9 ——— NOILV¥3I13230

—— — g
. \ '

- K




o __ ——
o ) . <<

GA,

032:“
oo™

‘Xia
Wel00

| 83+147. #10.24

DIA.

o5 I
5=
o9
= .
R S - =
- y
C ~ m 49 ——NOMWMITIOI@ .~ T T g
¥ M J T T T f"l"vN‘
=

4€



e e ———— e e e e e+ & e = e e i o ot e = o 8 e+ e
b
P — e o —————— i e e o + my e e — 1 — —
e e et e e e e e e o e = a S e -

47

;o

—‘63‘7."
ﬁ#
; !

Y &l *.
Wm=1000

53
EHA?
|

£

|

FIG. 17
47

. STROKE —IN

i
t
i

+
I
'

CL
{
i
H
|
|
1
i
|
1
,
t
¥

o . - -

1 2

- Tt

o o =
e~ S - ¢ S m‘,-i‘ T & | T

P T T T s e e e MI-N;‘f lrIﬁ«H_o,On.w,.hmrw x‘.

im v e e o S 4 o ot e e e e e e | Yo - A e e i e e e e e e it e e e

NOLIVH31393d

e e P e rlﬁ.m»w T AATE3 13J3L _

Wing



J S S o )
i e .. .
I - . . e I 2 - —— - ; - -
— - e S 4 e .
Y 4
- 7
. R R _ .
..... el o .
40 i - - et e e e ,‘\i . e — e
- - S et I - - -
o ] o
=88 - — . ] . 2
S _
R o . ©
& X : - =
X . - § . T
Vg .
‘D - - - —
hln.nlu.n . . 3} - e
T3 - - h
sCl.W: — —— U - - -
= . o N .
e e B L
{ 1
o _ . 1 o
T T - T - .—v - T T -
- ——— - PR ——— ——— [P I I‘v - - - —_ -

¥ -
A
|

o
-

— M : - -ZNI7 3 —— KL190713A"
, <2 —— NOiLvM3IIOIG 00

48



1
'
e |

r
|
|
!
!
:
|

il vt s v s
-

o

: ¥ E] 7 § r
M i 3 N : — _— —

; ] 7 H -
£3 - = = v ——— —— e
| ; i
{ —_ ¢ — - — e
: .
{
+
*

Bl

&
o [t

T

“eop

} D

ﬁb

dp | TETS
|
|
f
|
!

-y -F ¢
A e &
3
|

FIG, 19

O w L
; @x M

o T :
i s ; B

_= T - :

i .

‘ R H T
R i ¥
M 4 1 M
i ' B !
- 4 - e e e o -
i :
: \ .
5 e £ T =%
; .k 1 =~
M Y : 3
: — x ") ko
i ﬂ‘ ——— ) H l«' pA N
“, : — SR
. ] 4 ¢ . : M -
bl ] 3 3 w - - it
. : i XVl 19 : _ XVR d 2
» ; % = it T o=
. . =

JES

]
.

49



=2
o
iy
S — -
@ (o
o
g o
3 =
g I
o
S
JM.W\m.
A - T oN17 =~ 38nSSI8I’ g
W’ — — e st e e e SR _— - R PR - - W

50



WINAYN WAL

L ‘r® ~ow A w'
. Sva uiv
P77 e YA BES Ay
o, NEiwy Y
o o-—~ P iy
T
814 e

‘ JA\ .
ﬂwﬂﬁn 24HD

FALWONI 1300 S, HD SINY Z

59

~SINGLE BAG TEST RI6 FOR FREE FALL DROPS

e
%\
%
%
0
‘ \
WILAWOUIVION L@ WD SIXV A
~17%

WADX TR

SyuFv> q33as-IH



MULTIPLE BAG TEST RIG FOR FREE FALL DROPS

HlfstED CAMERAS

PRESSURE CELL LOCATIONS.

VIIIWONINAOIV Lo

W R "‘u\\\' \\ \\
l/ / / " ;)

WEIGHTED

FILM _MARKER

WADC TR 59775




o |

-y

RISON

=128 3.

i

STROKE = IN.,

Fle, 23

o
|

L
»

g‘«{oﬂea PR S eI M P S SN L e T .

9173

1
”

[WADG T

|
I

53



g (S Sl

k) N B

r

§

SE

—

54

i

ey -

FIG.24

CTIME

:zucdsa

IaveRade | |

(
BUNG

w3

l°4 4

1

“ £ , ——i

: } ' i

\ i S S R
¥

i - -

8

7935714 —ALIO013

"wApd TR 89



il
o e e e

-

4

T st

g

H

*

i

|
3
r

1
i
4

|
l
|

!
!
|

|
l

O DF

PARISON |
(5,821

|
l

Ld

[TES[TS

s
|

LOGITY | ClO

i
|

PP |
i
i

<+

j i +\\
&
»







¢

RISON
%2 a2

i
|
!
l
|
l
I
|

C
™




[ avmeis
vrerm

A3

-
R

-4

[ TR m"J:M”N—*%v—.—w -

VEs|Fo

2
:
!
!

L

R

&

r

i
t

F,
|
!
|
- I .
|
|
!
i
|
|

B T — :
_ e e e e A e M

Nl ¢
STS

c
2,8
|
|
|
|
|
|

owy Tt T e - T T T e —
B ,.. : L
o B T i
("I‘A"A‘I’ —— — -— _—— - e —_ - — - - - - - - - - - - - — ‘ ] . ]
" ——— " h_,v‘lilllllv . _ - N - B B ) )
b!M S - e s e oo o
- -
A '
o ‘
T e -
: - - S — - - ————— o L
L T S S _— - i -
- — -— — B —— — o — - L B ) ' )
’ - - e - -— - - e o
B kL — ‘wal —— e e e e - - - - - - - o

T TeBTSII—NWHOK T T T T e

56



T T T T T s T T T T 3univEadm3l o -

_A—dy Bl #—  22- _ Ob—

- ) «—3J, o= """ "02-

_0e-

ov—

06—

T T e T Tmees (99
e T T h062S ST T

ION

f
'
i
1
t

v jogse () -
I A —o¥e60Z (O
Ly ~ GRNCdWOD " """ " T f

TEMPERATURE| TORS
&
5
=

D




T T e e u,%:w dnIr
o . lllnul_o !:YIn.l_ _ - NNl O@I L N
o <«—3,  ~ 0OI— ‘.‘O.N‘l! B Om.l grl ‘Ow,h o
691 NOIAR/ G0N - omnd&.wd;N_O ST
ST rY 13%21\4&05- ;&NM@IN.#‘@W!, T T T

an S ;w,lwmﬁ T NOTANZ .!m:o, B~ o] B ™ § ..Ndih.__u@l-. o T -
Y —— — B T ——— e e - e e . - —_—— e - -
m I 7 & ,zodaﬁ«.:mnu mﬁquﬂx 7 N.w1®vi T
© | _SIT T NOUNTWIHI “GHIVZRVX Z028@ . i T
TR ‘,@, , @E INva 3NIHJOIN 208 (D

Mlh QH B B QwWQIwH!JJHﬂE, -

x L

o
="
11 S . — e -

T‘ . - - — -
0 _ . - _ -

- |
..O.! - P - —_ — -

g A




GLI__NOUAN/ ‘WIHD |
A ——— g9 NOTAN7 d03N |

_ YBao g

. »

R

—_—

fhos

COLD | TE

sy vl el o

r- b f
1

p——— umw‘







[
t
1
|

NN

!

|
LVELQG!

: |

|




SR et Rl bty Rt | - T
- —-i: A Seee
S REES s & TR
HE | & -
5~ [ RN PN N N R i
..w.ulm I S — ] I N o
‘ . , - i e M = — - —  mag x4
I e U P - PR Dt B ﬂ L)
‘«S _ .y 3 ) ) ) ] < 5
M._Qu A B - N S B - ST e 8
IS T B B A | I DS S R S B o B T
m(nlvs‘,..‘ T U R PR ot D 5 - 9% :
:llul.l I - RN D - D D == - .,.
B~ U D SR A SN il S SRS RN S R RIS S :
o b : - s Bt | : S i
L1 S B Dl Wiy el SN | S DR Sty S X - - :
= RN I Sup B Daaney Sl R S St A | - i..° )
-- NP Ry b D s Stk Sttt S S S DTIDORIDUUYIIIRTTIIEIZION LT L o "
B I e He ety e s o s S RS CEEN IR SEEES FREE S R SRR B R JC
T T — —&;
NN D S S ety St Sl Sl S Sl Rt R B b el St (i S B

64



~ . . . i
S NN RS SRS SN D MU SR I R RUU B S TTTREIT TR i
Tl N PRSI ‘ L. . A N (. ' y
DR S N DR N T T e S R .- N R . 1
DD A ——F- .} L 5- S S . —_ .- B . - - O - i :
A I NS SESUUR TR S I I D DO B S R SRS | .
i I S N TR RSN AU SR BT IS DU DU SR D S DN o
_ T - ..‘,1.Il.l -ty o7 - -t - T - 13 R
: —— ——
S N MDA ORI P S Y R ST LT eI ITORIITTRITITETL .
- NI R I R SR SR DU S S S NN SNURN DI . -
. i 130 sl . A ‘
I N N I - I I (2]
. AR IR RO | . <
. -3 - - N

[
'
i
'
|
i

]
|
'
)
'
1
|
t
i
j
3
'
t
'

“a :lus 5«-'4 bees watavme

;
|/
4

i

|
,
)
i
I
+
:
]
!
‘
!
'
i
.
i
|
t
]
|
|
i
1
1
.
:
¥
+
1
l
)
E.

1
i
i
!
+
i
'
t
'
|
4
)
‘
!
'
i
+
.
i
)
]
4
b
|
'
'
'
!
{
1
'
1
.
'
v
.
'

STROKE.=N..

W R

T
i
'
1
'
‘
)
'
[
s
'
1
'
|
J
«

¢

'
!

3o
'

[

1

'

\

1

'

[l

'

t

[

I

'

f

'

i

i +
'
RK..
’
i
I
)
'
i
y
¥
]
]
|
t
[}
[
'
+
'
1
|
1
'
1
'
v
|
'
[
v
[
'
'
'
t
¥
'
'

1
.
s
f
1
]
i
1
'
'
'
1
'
'
i
i
I
'

SRR SIS | SN gt (U

Louil SR RS SRS Rt SRS DA SOl DI Su DU R Al - S
EUUEE EESE EESRE REEEE SEEtl SUNSE Sabll SRt SR REEl SHEES SRl Rt SRS SE i
..... —— T o i T =
S S S DOk SR il S MO Db SN SRS Sbul B o A =
- = k- - - -7 - - . - - - = - b - - - - - T
. . =
St SN SR S R R - JEE SRR -> bl Iaubuly - Nt et - S S M iy
T S S St IR IR - S > T % PR =y
R e e I o O r-Y

o

WARG IR

65



' T B iy o ¥ e B Y VU Y I
LTl L TEST R chART™oTie | o]
4 IR o ) ' f ; s ol g ol [P - R BRI c i
% ol MULTIPUE (4)BAGDROP | |
o " il T ARN A el NI ’ . NS B

35"|DiA. X 45" L6, CYLINDRICAL| BAGS . - R

' f . { s - . " AN DL . o ! - B

) " W" ‘5\0 */BAG DQ'4-5 D ‘-6 ’\/05.23)6 FT./ B" Cl " L

: Y e g T e R , — "

o | |PRESSURE|VS. TIME | 1o

A N AR T L g :
| [ [ [ ' o [ - , t
[ [ ' by | ! A ' . [ v ' '

i ' ' Vo o Lo v I . C . f

T ' . . 1 1 ' Lo [ B t
1 ‘n ' : ! . 1 : ) i ) ' oyt " . ! ‘ o ' i

g f I [ [ ' t IR

‘ [ [ v o ! [ L t [ ' : L
) f i oot 1 St ' 1 } g b

' . R
' ' i Lt ' ' ' P

i f ' ot ‘ . oy , [
' v ] il 1 Ll : ] ' il
i} T t 1) an Ty o5 .

.o . ' ' ) Py
N o - | -
[ . : f
‘ ¥ Y - i i
o ) i S Vo
I ! ' vob [ o
| . ] ' [ 1 3 [l ’ [
' ! t ; ¢ v . ' t .
i .- i
I , ! ' . ! . ]
‘ ' [ t g ! i
: ' ' o '
) ‘ [ t ok : ‘
e ek
: (I , + i i 1 ' * '
" Vo iy
' : ] t i
‘ & ' ‘ | : CoL :
'&.. . et et oty
i v Vot ' . ‘ ' . '
' ' t . ) \ . '
1 ' 1 ’ t ; L) + ) 1 | ' 1 ! : i
' o ' o vt Co | N
T | N N A o !
' I ‘ | Vo v
I t
\ =2m ] O l LT ;.: -» - \

Iw' ' +

-

e . ol

.a- ‘ |

!
o \
: [=1 . ¢

g - \ s t

{w ) | ; [ !

:8 \ (] t I

\w L]

(VY]

!& ;

'

‘“m'ﬂ!r‘l“é“l.‘l* BB DTl DR ST L '
f PUPRPI PR, aymanat w| -

om0 = ame ] g mven ’ ' . " 3 ‘

0 o4 | .08 16
R - PO ] RN VRS P L N (o T&lfME ':-' cosd o sweendwesi| e A iy Tctee ] e i mries [usenE N Armons

3 t 1

o i1 § .

HARG IR 80175 el 1 EIG3 SR , e

66



H
+

J N I B W U S AU SN NI (UUNNSNN, W S——— . i
S — e i RS E EEE Sy el S P S S
: e D B et el SRS I SISt SRS AR SRR ST S e :

IR R T N Bt SR DR T Bt R S S - S EE R EESal- B W s
I NS TR INURUR SN SDURIN SN U IR F T gL BT TATTUTINTTIE DT s XL s
D R S T PRSI JORNS U DUV T S RS SN SN RS SN i

St R RS RS | RS G R Sl S S ) S T I !
o S SR St S SN SUEE 5 Wihtas et I Sty = N\ ¢ D B> 15 S =anll M i ‘
) i'..m, - oo ; ~ S D Sl I,‘!i.m.wlyﬂx-, i, lmi‘y u‘ : Mw ] -
; i H H [] .

Sl SRS EEEE T DT RREES fhe Y St BNy B -t RESIRE R & ! : !
e B S R DO Eg> bl B S G : { :
[ o R Rl P e i N - ! L :
Y N R TR R S -0 T : i
O IR TR I o — . L.
g~ N Sotn Bon S Qo i - i
*# 4 oAbt - e - i - ~ O
= T it . )
= = - O = . _M
L - U S L -- - _

=

¢
x
i

'

1

“ e e »

[P, ,_.‘....',,;G.@e.*gaz.»awx o

EBT

i

R

ATION,| VELO

rr

il
-l :
. 4 S b
53
= M ] !
B J t
Q :
A A b

e b —

ot e po> ] T4 wr wken gy

Lt

i
'

ARG IR 5017

1
LU

67



- e S U e Y

! ' ! ' | 4op
; | Gls. V5| STROKE |
i " 3 b pYon, A shrvie es &
i } !
[ i I ' . }
Foe | o
by [ o v .
dows | rmduent - by ). u e ’ SPY] ST RUAE U IO IRFPOR) | P - o |2 48 > kT oA
[ T [ Co f . '
[ Py , s L \ .
L IR ' Vo . f
Lo [ C \ \ Vo ) .
# N Lo ST LR O o [ea o
! t . s ¢ Coa ' , '
. - . . S ) .
H
i o i C , ' : , .
{ , ' . - . . : . - .
4 i P I . i :
E ‘ ‘ R . . s —
Vot , ) )
[ ! | :
bl £ (TR "

Lo ! ) . s
"t N s . : ' ! "

i

[ . : , , , . )
! é ‘ s b o * 4 bt i » H Ty A y: )
|t ‘ : I .

¢ | ! | o :
{ [ [ .
. f . .

b ‘ b At banspim | x el oy somti (oKD 0 S v

WA Y GiNin 4] Ao gty

[ o A ' v . 1
. 3 . . f . . . .

' N ' . i ‘ . ' . ' '

’ f [ ‘ . . . ¢ - ' '
" N

| .
'
i

W TR ] gt B b e | 5 ey -

. 5 . .
. . ' . . '
1! A ¥ fom inmd Wewinan ca | rin umsn” €¥or mue | et
[ [ 3 ' .
\ I . . [ ' . ‘ ~,
i ' + [ (] . ] t °
i . ‘ ' .
! . B e ey ! i ;
b . . . ) !
{ ' N ] + L [ '
' [ . . . .
)

!
. 9ﬁ : ) .
} YT BT e 2 olex e 8 %e Ak
U
i Vo .
[ i 1 '
' ' . [ . ' ‘
% ' + : e [ ST W |3 I Ve Ll - S
'
+ .
. :
o : . . )
(IR . -
Lomlamn .
4 id 3 ¥
l 4 v (

4 .4 .
(G
r ' - 0 "
' i
. )’ .
L RS e " Ei DR -|repimmeree s (o sprnn {gsimeres e mlt o rwonin >
. . C

i

EEWHL R Y * Himeime: - R AR A RN LN 2 o ' Aes § % Fwionye [ AT T B | IRESE R | IR i -] e gl | e S

et ] PR —mmﬁ

o | e | 24 | 32 40 4B
evvem | i i e Ll JSTROKE =Ny | . e o oo oo

wano fRosewtrs Lo L L L Fed3e 1L



69

R Sl Sehbel Bl R S S o R s s ;
SORRS RO SUEEE RS S S - ¥
B D SO S R N P sl :
— i RN DU £ 3
- U DO SO SRS Rl 5 publ AASEY S
S R . i o . - B
T !i« T N e T N ) i Ty | o7 i N i T T _ 3 N
S B St bl Sl Sabl Buiee Siats Sl Sutbees nboundl Pt e S vt S S R i ;
e B SR Sl B SRt Bt et St Rpubnt St Rl o sl S b :
S 3 T I R R T B e s - D R e ¥ I i
;o b e — o —-i b - N ¥ i ;
O B SN bl Sl SRl Sames st bt Dbl S tuttn st Rl utmmanidbent Sttt it S g :
Ko R AR St Sh NS et e e S Sl s Sbont S / e = {
®#—o - -1 i Sl St S IR St Mt sty bndt DO B SaihS SRS B ¥ o .m o
g < S TR S Sl ot SRS 5 TOTTEITITITIL O TETIUITINGG 4 :
JMW i R Rl Sl Bkl Ebl [y peage e Rt R s e . © x ™
K- S O T TSR T R S N B — R P PG D B - (@ 4
G . SR St ik Sl Subsas R -.-;iwin, ‘ b Sufhuins Sepount Sy SUS S - M.
FTUR G i T ik S (S s it S — ool b Sl Sl Sen B o
aluanal indiuts fssti Sl Sk Sl Sl Saidions Sulabu Suy el St tntiis Salutiodl Bl S 0 O w
P s e MY EERDS el IR SRR e St Rabalkt Bl SRRl SEERL R L -
S < Sl Sl i S DS b S Buinis Sl Rl s SR el b Sbeh Ui O S
e e L e e e e e e ot ol R IS A M
N7, N B S B & SN RSP N S U B S S S R S 3T T
Bt R RRSell Bl (bl S LIRS Rt S Rl ek Il s st R i i
Nl SR St Apubuis Dufbuiel bt SR Sl SR Sl iy snsilientibor St Sl AU S ; ;
- i S U RS S S S S EUS DA : :
—_— - s S . B T = R Ce- 2 - _— = - -- 3-- —2a e SR - - - -—— - R Ed
——— (RN RV IO FE—- --f.- PR | RN VU QU S -c——t— 3 . & - .- H 3
Bl EERRE EETRE R Tl e R Sbist SRR sk ) s ke Sosed Sltehl St RIS ;
i3 ¢ AU U VA AN S S S S SN S DU i
————a 3 % A B T S —t e e G e [ S S SN 4
—— —_ - DR S S —_—— L R S - i
- s IR b Sy s e oy iy (ol RN Ao Gubuns S ol s
H 2 Tz
L)

m.y- i - PODSRN AR S FU > N S . SR SN <> SIS RS o> RN

5

RN R

WADG, 1

W



- - - USRI (U S — e o e = B —— - et - - - - —_——

A

3

ofr|2
b

e
i

'
1
i
'
{
i
t
|
i
[
'
'
'
|
1d
1
'
'
‘
1
{
|
i

T N

MF
i
1
oty
[
1t
toe|
P
1t
[
i
1 1
|||
v
P
[
b
1
i
v
I!‘
LI
b1
Yo
10
1
L
[
Pl
L B )
L
[
8
[ e
' 4!3!:,' P
)
Py .
[}
_:)
1
oy
| }
!
o gt <
l
| [
4
b
PN TR PO =Y FRVEESIFENY SAp S N

:
'V8.
|
i
t
1
1
1
t
:
l
13
]

g -
L TAT L S

v
1

'
bot

|

t

|

T

]

'

!

|

i

|
g 4

!

f

LE (4) ‘BAG| DR
SURE{ V. T
= Ll
A g
t .

- P
. ¥

1
. ¥
s
T
1
| .

TTClRAT[*
3

!

!

70

PRy IRy EEEE EEERS Bl ENEN NERES RNCE Eees ST I

My Y. W0 - 4 VRN TR SRR A PRUSUE R - AU S R P,

- Sleax b - 11 b il Rl DGt S S -
v“/,, -t - - e - - - - - - -

cedmine | TIME] = SE....

1
t
1
\
!
[
'
|
'
i
'
1)
'
¢
'
[
'
[
'
'
'
'
!
[
\
'

il 208" r P .w»E@l-G;‘ ..-!

*Tﬁﬁ
le R

, &

|

!

!

!

|

'

Seret

™7
[
+
‘
W
]
!
!
:
1
1
]
¥
1
‘
.

-
31‘
b

]

H

b

t

[

T

]

(]

it

1

| I}

1
]

/&
.04

ol A Snhi Susind Eubpuy SR ARSI SR SEDAA SN DU DU PRSI S PO . e

- - - - - -

E—— ubusll et bR Sl W A S SR W, ‘ 3

, — — 5

TR UV U I NS RS RS S DN Supp S [ S SIS I R 2

I W A Snpun I S S M DU QU - RS DU NI, R . . G- &

IS Sy B R SR D AR RN ANDIN: RN U N R VREDRNDEY S S S S e

et T i S SRS EREE Sy S e BENR REE R SR R T

IS DU g MR IR SN D NI SENINE SUNNN DU U S 5
—— e —— B e - $ - Bl SR iR St




190 im0y

bt

|

]
o

bt

¢
[}

22 |

!
o ' ‘
Wiy pan s m[iestisan to 0 1) smaaw . o focrpam o
. B o

f ‘
v
R e

i

ITY, STROKE s

|

unl.s
vy 2% oh: ¥

VELC

TiME|

T (2 TCHART " oF

oN,

1
!

. LE16l4)

o

:

:

1!
EILER

wah wb

71



s 4 . ” = [l S fird r0e F] eobbimmnr ool e Bt ARl « wfr i et Bt e v 5
o v + ’ ‘ H‘ a i . .o [ '
. g i g } r. B u " C N ' i I [ 1 [
— e 880 VS, | STROKE —
g . i s (. [
N . il
- . '
B L s .
i f "
B o Ll | 1
TR A - : . .
1 - . . ot .
Lo . ‘ . '
; " " i
[ ‘ . s . A .
. . |
[ i [ s 5 . i ) v . . o
. ; . ) [ o , [ . ' ! . b .
. . o . v [ . oo ) oo .
1 T « [l i [ tor 0 + o B . - f
B e } i [ i ' [ [T o
. i .
. v " f [ o N P . | .
. oy ] I [l [ P . ) Coe b
T ) P . ' . [ '
' o C . B . ' I s '
o | [T R [ . . o . oo o [
v P TR . o . o ¢ . i N
frY T i i
. ' . ' . . . '
' . . o " . v
. . [ . \ . . .
. s . . [ . . I
. . Vo . . . i ' . .
‘ . Co . f . . . ' . P i v
i B . t i Y P oy o P
o t LI l L B | . LI g b +
- EA ‘
A4
‘ . . ' . Vo .o [ ' . . ' )
1 . L L] ] " 1t [ t ¥
} « ' o ' [ . " .
. 1t L) . [ ll I o
a1 iy o i .
. T [ + v . . bt *
y . ‘ - . g ' ' 1
] ) ¢ . i . i .
' . [ '
rad
Equmh' ¥
+ U i 1 ' ] il
' ' . R . y . o ) ) i
R . f PR (N f f . f s v i -
. ' v o ' I ' ' l !
-t - 2 ¥
. ‘ . ’ : s . f
' . . ' . . ,
. ' . .
1.0, N
% WS o 11
T S . .
" : : : »
L " ¥ . ll o '
© . o il | : (
. L} . . ' g ' |
v [ ] 3 l T
' , ' y . c o . ) y SRR [ .
P » f C . ' '
8 A s ‘ ' . ' ' .
. o ' . ' o I . [
| B + A ’ \ o ] ’
. . + 1t I '
, , . ' . .
. ' .
PRsmmar s e | 2 tvmnqm foxrentitrenty wf <o |oeedt s wnte oy 4 | am s ssurpemmive s -
! : i . g -
f \
o .
| emorntn wo )i b5 MaeEE ‘ o 4 o ERTULE ot - i i
ot
' I .
o '
oot ' [
-y Py
3 7 1 H
| 0 3 40
R I T ] I R R I Wiy - o e o 2yt ek e o - ) -
) !
I
4 d '
Al Hr . e
WADG TR BhTTE- '
PR S st I B e - - 30 e 4 W F T T B R




SIS S o e - B PO RN S U SUS R . - S —

e e = e e e e e e e =

IS I NN WS R W N N T B

e (e S iy S S S " ,|1/| —t

pf
1 4
1

1

i

1

|

1

|

H

i

l

|

i1
i
ji
|
i
S
o

T

o f i ——i b —+ =
¥ u —-—=— —F— b : i B e
. I — N o _

=& | —tH— -1 - — i e b St B
o o — - g ‘ U S R S

:
|
|
|

k
bk
|
I
I‘
|
|
|

H
9

Elol45 |

T

73

i
|
.
i
!
}
!
i
i
|
i

|
i
)
!
|
1
i
|
|
I

mrm
i
|
|
i
|

Y

- - - | R Rt it Elie —— - e

[ s o ) Eo i e ) e s e B e s e
SRNEDIDUS PN AR SR SR SR S SN S RSN R DU S S -1
llll T AT N TR S B TR P o - : H
- Do 3
SN Y S I I sz.-l.mMM.!WWHM-HHI-lﬁl:lll..l SR RSN Hum
SRS S _ - =1 B PSR AU SR SR X
o e e e b

i.ml,,.--:.-.‘Ii!ri@f-ﬁii.-, ..... —e e & |

o



{

;
1
i
|
[
|
!
1

1
|
|
l
i
i
}
I

t

i
!
i
|
i
|

5

i
]
)
i
!

[
i
1
|
1

:E_{'&"i“'
L
|
i
|
|
!
!

s o
!
!
i
)
1

*
1
t
I
|
|
3
i

(
i
|
|
1
!
i
I
1
)
-
i
i
1
l
1
|

; o)
ron g pmra mamse g

27 F1
;
i
i
|
a
i

j o
|
P

3

%30
i [}
|
|
t
i
1
|

e e

a7t

Al BAGS

ansiwrel. mareawy ¢

A
|
|
|
I

a. \Wﬂ-- S DS S S E— AR RS
..M Oz I'F “-.:.ll.-uuu“‘ A R RS I S f
iD,.R, I:.m”l-, M R B S IS [ u‘.J,, H
— ] ®_ I R I T R = _u} m
2> Diey . Pl . RS R - ey -
= [ i N R T I 1 <>
I o (A AN IRARN IS R ; i
- .’W N -HM =
O Wi RN I R o
v..c‘i..‘r..lRollll PRSIy SN —— S —— e i e e B o e e —— m. -rm
TR I 17—y D N B D) M S ,
hn«t - -
LD
T

846
PR

|

|

|

i

I!

|

TR

{ - WSS NN ISP BUSSM NENE RN QU

[

" I
[
t
f
'
!
|
!
[
'
1
4
!
1
I
i
!
‘
1

[ g'
1
|
t
'
)
|
!
|
!
t
'
1
T
{
'
b

1o

ST
:;\wfts
!
|
|
!

74

' 1
S

e e e e L







. R — ” — iy B I e o
- — p—— — —— Sl O DS
F——f — — —— ]

e i - ——

e el it Sl ol Sl s

E—— m SV S SO T . _— J——

SN DN — —_— --|.Il..l
fome e b g o I —_ -
SERSERES IS - _ ——-

) B ISR S RN

*-or ——— ootttk

it Nl e e Ampaiat RO il Sub

N - _ L : EE— N . S

N7 Sy IS SRR SR R WY DU [ —

B el W o S sl Wl S

et it ISl ey el St febuiel S iutat St fefied Russmuisl mupl NN S S S St sl SR

e e e e e e e e e e e e g e T e b b A S Sl Wi W [ M’
, - T ’ : , gy S T AU RIS SRS T NS U SR R

e ] e e e e ] B s B e & " T S i Sat i 4

I, ' - N U DN, T AU M. T S, I DU, JISHRE S S Rl TR I S

et Bl Sl el Sl Setmety S Bt eSS SO il S S S Sl Y i) SRS SRS Pupe

]t ISR St et Sl fesl infumet Shiel SR Sl St 5. X f Sl Sl S Susfet] Sonad S Sahs

I - ~ i e e AR R A i e -




N - - _ o 3
- EP DOURE el i
- - — - e B & M
ot DUNRUE DA D

B :
2l s Sl B

— ~{11 - - ——— - - —— -

STROKE =N,

I SR R ’

. P L=
= " s e A1
o - 1 (<]

(6 R

£

‘%
tllolltv A - - - - i ot - - E T B - x| “ - B - B N
2 S DR Tiedilh ettt S SRS RIS Bl Sl ©
e I Fhs st vt b T Bt Bl REUEE B B B : =
T‘mv S I IS SR S S . ) . T i . il i |
1 s N P AR - ) ; L [
‘1 cT T EC B S D - - - - Mt H“ R T - ;
il B R AR RN B . ’ - - .

4-‘.1mwﬂfn-u“ R A . . S P ) - 1. m .
s S S U TR S SRS DU DU S . : ; 2ol
[ N = U SR - WS BENRN > M BN > - ﬂ,nv ) o . m.%
R Y - SR b @ Tii T o 2 o ;
e il S Q @ A SIS N - TR i
SV R S AN . BN N R 1 o o . . ¥ i
etk LSt EEEE RENS CACE PSR JOY INEE. SHUN EE ¥ S TEER M £ : 2
Bt et S - - s - - - Ty R -2 - - D - =t
——— —j-—i= - - -4 — - i 1 - =

7



- - - [ - e - .- - . {

oY F o Maemens ¢ C

[

. N - R . _ _ ~ i
,
- - - _ :
- - i
.

. - . _ .. § i H
- x
- - - - - - - H
- - - . _ $
. T - H

PRI

—
6,

rsreas s

-ty

L f vt et
. )

L
t
1
'
!
'
[}
t
4
'
'
]
'
1
'
i
f
‘

J2

A

s fjug

+
1
i
|
L
Pt
-
P
t
N
\
PR
'

arqmmig =
!
!
[
'
i
¥
+
t
i
'
i
!

28" D1 65" Ver20i79 FT /SEL,

RE

ne
i
1

3

t
1
4

[
|
]
i
|

9
A
,
t
]
]
]

i

u
s
f
i
t
|
1
)

1

Gi ICYLINDRICAL | BAGS .

78

. Dok B
ESS
)

-H
|
ol
.
.
[N}
to

]

I

LTIPL
48" |
|
}
|
|
|
[l
!
]
o ia i
:
N
|

Uf
X4
/1BA
P

. . .
LA ER (F RPN TRt P AT [T A s

TE
[
i
;
i
¢
f
1

! R

i

'

)

1

wicate

t
ary e famad

1
'
e
]
)

i
0.
]
?
t
|
]
|
1
1

| TIME =SEC
ORI TR LU ILAL A Yo A (XY

i
}
!
i
!
|
i
1
|
!
1
'

vt ony velamps ag

Adveprsw
j
AN P
.04

R e «saL.LG,‘-.-ﬁ B‘

. supwrtyw | SR T O a1 8 . ata s

-] i~ S DU RPN DN R S S S -} . - N

- - -4 e e TR IR T - 4 - - - - NG

- - v.w - - - —_——t———— . § - - --® — - -—- - - - -2 - - - - -
SN SR S o AT DN RN B o U N ) §
T ~ N S SRR It S Sani SR U S S . H
BN A SRR IR A S A (R R S _ B i nt
. o
e 4 —_ o % B ¥ _ o . e L E _ — N -~ fony
I (O Snfio B S el S S N It | ® ;. ¥ o 23
——— I - I SR S R I I ol - - - R s
R IV PR D J Y JA P S - - I -3 - - - R - £
. R N |iw|9 i} U P - 1 Bt
I I B
— b R TR XY _ e o . S =t
s P Mg iy [ Eetiy e R SRS P Sy S . s3¥d 1. : 8
— - — 4= f - j— -~ F




Tl Sl ket b TR St R PR B O S B R D N N R - -
S Wy Sy Sl St Sl el RO SEbt I~ W S bt S SR S Sl Sl
e I R R T S . NS N s e - I R - s it X - 3 -
Rkl S Pl bt Py RS BEbd il B - T R Fas T R IS B R & 2 T
y Swinl puniil It wbunt Bl S Sl < Y Rl -~ febuiunt I Sl SeStubl SO St SIS
Sl * * | R D T S S &L - /U}. - T - - - - B e -
x
St sl Tanill BRI Rkt REEE REEEE T S I - : :
- ||m e - ——— 2 e - &L e - - - -2 3 rH -— ‘xIEP - Fe e - - - -
T emi T § T S A B ~ h AW BN o T T - . \ i /
I SR Rl Sl Bl DR s P £ SRR BV A e T D e I e = P
] - - R - -y S T _\ o - e \\ . .
o) - R Rkl S R o R e R % - i~ _ ¢
Eo Ko - N .. me—— . .8 _ R T 1 TR —— [
EN RN B - s € ST TGS Dby s R D S e !
Badh = SO SR DS SR R St 2= i SO B - - - K H
W,éu : = o i - - - o i
= 7 s e R
2 0 PRt SUEES Rl EREht SRR BE . o o
= S R R e I - A
- 80—( IDIS B IS B - — : 7T Y
= | R I B s B i R St B = ©
3} 4
,M\V‘E‘;a‘ S - -V s S NI - - ‘ %.L
PR TR SR E’af DS R o~ B S / ] / o
.TiQ - - R T3 - -IY-, - - - - o - 5 Ty
P o Rl I A0 R B = - 1IN : "
W m— o - N I
bt < S AR REEES Bin: / V | i
I UL - e N :
i [ o | , < i
---aii- o -1 -] - = - - / o !
--ol-- -1 - f - - - : i
. | - - e o - i - £
R - e | - ~ T - C T T - -
et RS T B N T 3 o 5
. )
o . _E_ .. _: - N e L - E . ¥
i SN NN "L~ A - - T K. A - L0 I jzm.»- RPN
sl amoepEr & 1 % & | T T T 1 -
: i . F_ N T . £
= —— 3 3 :
PR, [ N S _ - A . - P e - g - =3
I I'NI—3doN1s - 1 @ Q & T IE D .=
e D G i S SR S ;W s W N IR & 3 SO =

79



Fakpaay yny
AN I B I I C
Py D ! - ) HE ,

L] [ [ ' . 0
[ ¥ vt v 0
» sl "
Lo ) .
[ ' ' ' [ ' ' . '
[ . ) f e . f . o - F
oot ' . ' ) [ f | .
¥ ; poad ‘ * 4
P . + ' . .
B B L . [ (O ] )
T C o ' . . .
' ' . . . .
e »
' . o . R PR
i o ' [ [ .
' ' ' . .
I— _ee’ 1 S - ‘ ‘ " \
' : > [ s y . . [ .
v y o
R LIZL s 4 - i rrTon "
. . . !
, . . ' .
’ ' . ) o ; . . e ' )
! [ . [ ' . ’
" 241‘ i ” - 8 k B L) T PN e
. \ ' . )y !
) ' . [
e ek [ o staf L1] T LT 23 i iy wid 2T
i |

[ ‘ ‘ ' ‘ -

P! 1 ' ' 3 '

[ ‘ ! : |

aitie anmRibat Meos o6 1ot 4 MW AR |Leid das 3 .

' T [ v B g I

+ il (I H
' . ) ) J
Al ! \
PAR oy SFR R 40 e MR <1 . cjm +
' [ . i .
[ . " .
Cou s '
, v ) ‘ W
}wmnmwx ) umm.&n e — ) ” ey ]
' ey X s X 0
| . \ . [ [ ;
! . : ¢ ' .
. ' i ' [ . ' .
Ienbits) supvmpar |- v 0 il 6 e s s y "
. . ool . '
1 '
auuunmnuw-h.fEu : shewaan it 5 g e e e R TR R e T ]
L ' e )
" ! . [ ) ' '
P . A
[ ' : o ]
| L L] LY e v L RRE Rl 1 RL 2
] Bm PETTR U A5 semEin " "
! ' « P
. ' ' . .
) ' i . )
ey R Ed .
'
' '
~ 4:#‘ s S |- " = I ¥ RANE Y

repcasmpemrs | wies <yl Tamsonimey o) cosese watme s | AR ‘ 4 . .y

¢ - i [ . o

R Rt T g omnr L owten

J TROKE. =

MRl e B R rrcann ppores Moale 5% W ) M gy B {1 e <n s ¢ anmicr oy s o e e ct|

WAIX! (DR 50775
, Pt BO77h , ,
Jele T e W P AR ST o~ e R B R LD P FA AL B, A, ¢/ TR T pums | oot 3o rerveag abfivee 1o m v R

80



SNl e =y i S St Rl BESEE ERES EESEE Bl SEERY REES) SEESY EECIN EERRE RN EER PO

Flﬂ;mﬂl

t

Y

—— ]




Gl ] TesT® s chART®orad | N
vt MULT)PLE (4)BAG DROP' Ry
Clif|  [87DIAXAS'LO,CYLINDRIGAL MAGS | B
bl Mel8E0* /a0 Det5R8" Dwr85 Vox29.14 FT, /

|l | | PRESsURE vs e [
| | i )

LAY ; I P—

=PSIG

}
dan

19N umwwea iy / L

ESSIL ]RE“_E

Worsfliny mnn arse

PR

s

4'- i - driy L4 Rtmds | v astrmeRes

o/ o A leaa L Uit ot BT Tt Wy e L e r i srme R

e weenis e nies oot seme fewh

o] | 04 o8| 2 T8

/

| TIME-.SEC
B2l LR AL IR R Ll Al R LT ESF TR SRR ¥ (R gapeyrswy o AL 4! - e WL \,‘a\mummvu IR L

wn Dq ;‘[‘R 59.. {75: w3 ke serrirng o lemw e n LR -a«anl;cGi.‘lovslaar el i

82



IENEE ORI R B I S I B B -3 O I DU B N TUTETLC oL N B )

..t RPN S NN D S et .~ i Sl I DU S o7 SRR S T S S L
S i Ehls S - sui SR S S DI R Sl SR SRR ekl Rl R

e e R E et R s~ i----

R Ty I I DU D S SO - < Bt T T . ) Z oo . ) oo

—- EEP DRI N S S Rl T 31 I D S S I N i ol oo T

- i (Y NN DUNGN PN SIS S S S I A R N S B T - o

— e —— : i - - N -

TIE T T o .I,-u-,,ﬂ.,ﬁu!,éf R S i :

T X TT T PR NS S I I T S DR It - D

SRR Rt Tt et Lty SRS BISI SRS B~ T S St S I D )

N, | S D W i — -

B I .

gy 1 =

=T

O -

ch

SEC..

L]
> e,

Voo

niess x sty yRBER R w\lu'iMnEn

83



S St T Bl SR S S bl Sl B :
% St S S B sl St SRRt S Sl i |

.hwaru B B R D (U D I - -
*‘;m S R R T R R m' -

wm. SToETCCIATTToRIT ORI i T

o= DU e it Rt RUSST DA SRR S e

Fle.54
84

#ra bt R

- - 3
%
- - ——— e -— - - - - !“ - - - br
- - . . R S - -
-— - - e - - - - M - - 3
- - - Ed . — - - - - - - ‘l - - - e - - .
K] :
3

0

1
——— ¥ I IO S - -

N KORP T

|

i

i

'

!

i

)

)

'

i

i

!

!

)

!

]

'

'

i

+

P
.

's‘
'
i
:
i
'
,
i
i
‘
1
;

'
i
i
.
1
[T B
i
{
|
i
i
|
1
3
'
20| Tt @) | BEfRI ke 17
'
‘

o

WALQ

. >
————— R ¥ o e - o2 % - I E 3
— & -2 _ .. .2 - - ~ . —_— - - - £

————-—— i e —— 3 - - - - xvl\.'mll.l 2 ]




t Y g o G
l i | 2 [ [T [ cla o . \
, | i [N t D] ' [N} . L B
I B A ' [ ' [ v [ \ ‘ '
R . S PR P o !
g o e y pacsk 4 4, vy s
i l L] b Py ' . s \ . ,
\ ‘ Py s ) | 1t . L S, I V . )
b [ i : ) | ; iy . T .
[ i I [ [ [ [ Vo, ' ' f
tiany densl el +
v i Pt 1 v ) [ | ) . f . .
o toy U . . ro vy ' ' ' ' |
[ i ! ooy ' LI L ' ' ' '
AR | ) i ol v . Voot L] B 1o [l ' oo '
"I
d " ¥ 3 i +
f }r/’ ' ; ' f [ t [ [ ; ' [ [ | ' f P ' - .
[ I ; [ ' Tt [ i | [ LI [ : v . » .
i o o oyt . [ ' 1 Vg | | I ft . s
i hh n,nn [ [ | g e [ » st | ' ,
o -1 - ACACAS) g ! ' '
| Voo | ' Pob oy - Vo ; "t
| , ! Coy ' \ Vo v Lo f
"y f [ I I l + P! P "y ' . .
L \ i v s
s T ot i
! ot b s ' s . y
! . f t (IR 1 ' : C
. i L + 1 [ Vo I i L L 1
i t v oo ' \ ' vy | ' ) H
‘.-.p.--e ‘0 o) fumpaery i
TTHY W | ; SN o L .
| ot ' | ' ' L v i . Cor o '
oy \ i 1 ] ' ‘ vy B ] l 5
[ . ' . i . ' Vo ¢ . . i +
’ i 3 |
. ) T ' I [l i f} 1
Lo . t ' ' i P ' 1 Co '
o 1 \ 0 1 | 1
i [ l " ' [ I ¥ . t
id -
Lo ‘ ' ' \ . . v
t ' ' ' + [ . ' .
i : " (S ' v , .
: I , ' [ i . i
1 i . ' L ] ' [N 4 P '
) . - o [ Voo
' . ¢ ' [ Vo : ! . ‘
St ' N Foy ¢ o C [ ) v .
1,00
! 1RV WV j
1 i it ' ' f t DRI [ ' I
b N EE . ) R R BRI : ‘
i N ' i ' ' ' Vo v . ' \
' « + ] o i . 1 i ' 4 [ +
i i t
’ i ‘ [ ' . I Vot 1 l ' i : . o f
. . f ) [} ' ] [ '
. : f . . . .
' b o B !
¢ Srpamam " 1wty
' . . .
| 1 , i .
vt ' Vo o r .
.
N [ 3 ¢ ' ' ' P v
e o 19 MRy, merw s fave s
t ' . [ ' [ o ' . . v o
i t ! ' i ' . I
LI + v ¢ [ « o + ]
oo | . ¢ [ ' v [ . ' o ! -
B:C00 ) my W
i g VN N N N . o '
' [ ! 0 ot . ) [ . . + f
1
! ' v
. ] [
: . P
4,000
i v
i
t .
y e
]
TROKE —IN ‘
R I (e R Y R e £ T e B L B ¢ s gt 0] A saede o] e—.‘;m‘nwn Wy sy vam o g TIPS oAU FE——
WADD 5 " FIG n
PR L0 S ey ¥ ,,‘\cl—u‘ P ¢ R R R RS USRS ST e Yy “emren moary e« weeon b -




G redT® e chaRTF ossp . | 2
] el MULTIPLE (4) BAG| DROR |
s | 38'DIA. X 45"L(G.. CYLINDRICAL BAGS
el w1380 ¥/BAG Dan5.25" Dar8" Vo e 29,
B | PRESSURE] VS. TIME.
o l o ' ‘ i
e , ' o ' :
: g4 ' e o
| o I .
l2
M-
mmmm--‘-‘
a.
I
mg' 3 '
o
m .
v*'l «Ia'ln;
, _— N ,
SR o
o el | A . . s oy , . - ‘“ L
0| .04 o8 | ag |
et I E R R L T o e T LTI uT,'JMEV nmssqum.m.
WANG PR GO-PTE e L LLFIGISE. e




R S B St St ROGE S SIS S RN SIS SRl ey SRS Sy ySmpy S D S

3 Im mn B N N N 1 - - _d
i = Sy A RS St Bl B i Rt sttt 1~ T EEnl sl HECES st Sahas -
s R e i D B ¥ .
-0 A RS Bl bt Sl REER. 1
"4 =] INNAN N N ¥ DU I S— :

B

¥
SEC

)
A
1
i
i
|

'
!
'

ME|

=}

Tl

87




g 3 B 3 okt JECSISL S TP = 1
L . TEST® 2l  CHART™ o8 '
' o > | . . .
. . i roy - \ ' X
l . 2 I ;
-t G's| VS, STROKE . ' ,
' ) k : 1
. C |
. ' .
f v
P
H v
+ ‘ ! [
' I
" ™ sty |
' « . ' ' i
+ + . . |
| . 1 ‘ .
f f i *+
o
. ' '
L f ¥ B
. ' ' A
N
. "o
! . . . ' 1
. ) e ¥
o '
: ¢
. t [
. v
, ' [ .
s k ber ! ad ot
b i 1 *
] FE
I .
o= @O RN
I '
MOME o EERR[ A e Be W L FINERY SRR 43 |1 iy ¢
I
' ' 0 ' g o . ' E 1
LT uwue-w'sm- | A etininey tami -
' ' 4 ' . . . . . . [
' t i ) . ¢ ' . . ¢
‘ . . ‘ ! .
i i I ¥
o . .
. \ [
5 Y AN TS Mll.l"EBﬂ‘ feawain
' 1
} . [
[
1 . .
sttt w0, e bt pkes B0t R A8 Wi
J’“ 1
L] ' i
R
[~ '
v X
4
v
‘f&’ﬁ”"\* B B T 2] [ L "
) .
[
1
- VOO N ‘ a3 ¢
L T e T L R P T youy
v 4 . LI I '
: vl '
) . v : N : Lo .
» N i .
R e 0SSO O . : hsesnim s rmme
v . Lo !
? 1 - 24 : 4 |
) . . CO I} \ v
‘ STROKE.=IN ‘ ‘
i e ox. mpe ol ) opi mr|pe — Copwesn 2l dpm it <o | stivmesomsn] Wla By P4 W R BRI ELR T3 L T2 R
' i
WA [R50l 75 FIG.58 ‘ N SN
ALMALALE AR AR AN e [N P T RS PPA B, - | PH -, =SSR P P " PUNPIS [P,

88



- B D P R S - — —— — -
1T SRS D Sty St Rt S e sl SN S S S -l
- SN - - - .- % —_ S - P . - . -M
R s SR S e St DY SR R S ﬂ
20 - ——— e e e - SR . - S - - h
; - —— - - 4 - Lk - JRUUEE S e = - ——— e ,m‘ -
O sl S Y S R S SR S S S R S M N\ ez
*|W - - A_!t _ Au - . N - w . B . my. m T [ ‘w m
. 1 o I DU U : —_ - —- - & - - -1 - 5 - R o by}
sk R D SRS SR S SR S A B D SR PN Sy i1 ¥ =
- - e ‘ » SR - = o
) - oot - T - kR A S Tt I TR i by R -—
Qo -t S R S DA D S st S Sl s S N SR e S
- o . - ) i - ¢ - —— - - - ——— m— - - - - . - - - - s - M .- - M ] m,
N A“ . 2 -%..|¢ .‘x - - - R —- R - —— - - A<!A.\.“ -- - = .|!>W| M‘l t‘wu.m m
‘ |R Y — '«’I'HAI.M - - - - e e - - -4 - u - ki - - -~ - —— |..w e - - - € ” - - mwl . T w £
e i EET - RS FOPE Aol Al St AR R S | CVE L
5= s i BePl SN SR S SRR S | i 3 i ; 1 :
3. . % _.. ‘n& e T T s - m.l [ I m .. e .-aM el A i ) ) §
X - . - [ S S BT m IR I e s S - ;
L - w 1@5;. . . H el * RS St i B T T i
. N N - -k = - 1 : i ¥ : ”
. : A SR SR S S s T Bl Py . {
1 o SRt RS R SR SNV SRS AR S S IRl St SO S S :
] IR EEETS S SUuis et U N SRR SN R [ s P N R m ;
oo - - L D S m R m P m, -o-w. T m, I T S T S o W n»
T B S ek S SRS S A S St A e Sl S SRS S B
- - e B - & - + B et R ¥ ¥ * R B o ] N i ¥
- G it Rl 08 i S Sl R I S Eth : ; =
. pd i . . — :
‘ - ,u‘ ¢¢¢¢¢ 7 B ) T g o P - R «‘iﬁ.ﬁixn -;m TR T T g T E T VM . 0.,- - o ln(
- Fegiu-vuom S .1 8 -8 b e Mwu -4 -3 -
- -1 S ISE=1LH-HOM W - 3 - T8 R
T s . : ks S RN g
I L - ’ ’ H - . - - - &~ [ =
- R S B RS A D i S ) B i- i Z
S N N S S S LRI SRS S A Sl { i i o |

89



b R A I O B B
i ! [ Vo o \ ' ¢ o o | [ [
HEN P oo > 1 ] [ i .y i ‘ [T
§ ¥ t v v i ' : DRQID ' (I A 1
Vo . ' . . 6. D ; ;5”1 G ' f ; P g A ' T T ‘
]| astpla.X 48*L6. CYLINDRICAL |BAGS
B v # . N T i . ) ey PR R
" ' d45' DevB" Van29.88 FT ¢ SEC,
%‘%_ ' ',‘ .A | @ . O kS A 4 | o A
(IR ' v ' UhE VS‘ T!lM’E i . ! . [ yo. B
[ LI [ s | y i |V @Iy ) o Vo (]
N ‘ (R v ' A IR
i DR AN ' ' P . ol . [ oo
o . o o .
o, - 4 A§ T L a4
job ' f \ ' [ o ) ! . i [ [
v IR o ho [T v FREEE Lo '
l L I 1 (] [ I | [} ‘ [ [ 0 10 1 ] ] b
[ o [ A ' 1 [ l 1 [ oy ' . [T e [ V R
i bola fumta§ ol 0l b i o {2 O st e : et ' i rpratint
. } . Yo i T : . P ' i . PRI I P 1 '] P f i ! P
i . . . F ' ' ' [ i , . . V ' ' [T B I
. i [ 1 [ 0 t , ' i . L LI A | [ ‘ [ P
: : T P tf o I C yoo ey ) l 1
ECTTPPEE TR RNY EETE R ICOY T ERTERVERTITVINE M oy FOump R i A0 sbundal, o g . v ]
[l () [ . 1 L v ’ 4 [ [ ' ) ' ) [ L] ‘ +
B oo . L ' o f ’ ' o i v . [ porov
¥ v ‘ . o 1 ) [ . . . ' ' ' '] I ' Lot !
N i » N L S L
PPN TV PO T SRRNNTI 1R S g PV N “ - } of amy : 7 g
: v . [ } 3 [ Vo . . oy C | : §
: , ) v ' " v : .o A R S . tot FIE S 1 1
b , v I ; ‘ : ' ' 1 tody
l i i . 3 . . [} . .o « B I
iy gy . P fore oty g an i, st Y o ' o e
Lo . 5 ¢ ' ! o N R it LN
[ P . f . . T o [ R o 1
I , . 0 [ v 1 : . ] 1 . [ i ] [ .
' N ' ' ¥ ' ' ) . o ' I | [ B A A l ]
i st vdarbe fmd b i e s 5 ks s et a5 p— v # >
! ' : o ‘ N IR ' R R
l‘x ' ' o : Ca IR IR A BRI
i ! ' e Vo [ [ R [ I L
' ' [ ' R A f ' , . f o . . ¢ .. . PRI R B
e L 1 L T UTIINS PO MRS ‘
, . I . , 1 ) [ f vy : '
: [ ' ‘o . v o [ ' ' ' [ . { i
i ‘ o I T [ A !
i 1 . O [l + B 1 . Y P
. --u'.'sn. ¢ vorirew siwdsn e b § 8 Ae s hadree e - gy
[ i I f v f v ' ' ' oot
L] ] Vo ' ] I ] + LIS S L
! NS AR R N I R IR R
1 f i ! ! ! ‘ . v
H t . . ¥ P Lt i i v o LI B 1] ¥ |’ I ‘
por il wr e dmors v ol | - . ;
. . | ' . Co P . - B Vo L et
il ‘v P v ¢ g & A LI ! LI 2 |
! ' e 1 i i ' Vo ! o N
. i . . I . ! -
. e PRS-
el
. | . [
v ' [
. w Vo . [ . '
oo bewr st aungs . w o o - 4 43d T R O
@ aE
an ' ‘
. oy i .
, ! " ' ] 0
Fenion't ,...‘...e. o e b 2 tre abetfp
] g : '
[ .
¢ Vo v .
' B . 1 PRI
‘-‘.v', SE DI TR g P ) R T aTY
| ' [ i ‘
! . ' H
! "
i ' . Yy /S [
. e Pra] - e ey v . A "o e o oot s 3 {5 o
: ~
P ' ” :
1 il 1 1
!
' .
N e O o S N N i Ly TS LT RIS r [
' ' 4
[, 7 4
: [
} . .
MWD e .
' T i
S I ¢ 0 ).
! " . 3 ' v N CE i ] v B L
i ' ‘ —|{TIME. 1~ SEC S Y N e
o L L L g i o BB Ty ) T ol R R et L LI AL L E S By = &) P P o o i
[ s . [ [
Ve 1 : P o b
o 1 A T ! A EEAEE T I S
WADG, (03 B0=775 | FI6.1.69 B N R ST
—u.»ﬁu M!un bosd s olefnn, Ll o ‘.J;V.;w,aw R R e AL - vl Wb ) el revme. man o

90



st

o~ ret g
'
+
'
[l
'
'
i
i

1

Aneg o 1w N

1
e fuek mpmam i

i
b, s | Dot bt s ata i
'
¢

WP <

Mrsten

Ml s

*
i

vL.:rl E

gt

0804 |

st £ yswwsnes
'
'
i
|
i
1

a meny
B sty

e

|STROKE
LOCITY

At ot

TIME.r= SEC
LLAS DI s pasit vt | avamuoias ez | iEewsre
LQ.'M@(IWH«W o

o :
ig i — -
T . — ;
L=
- il
H - Y B o
—— -1 - - O

[ION, |VELOGITY, | ST

dr¥ |g

TE

panpay

A CT R (PRI

ane s ces

i
dmmaber: 40 oremfat. s e o
[
!
kit @ B a, = 1fomess
‘lo '

v
)

DECELERA

B T it R L ] wE

LI DO T PR . e e

- - -3 - 4 NN SENUIG . [ SNNUREN S SR —t R e
PG S R . - RS SV SN N —_ - - e § £ - -
- g - R Nt - B - - - - - = A - - - - —E - m—e - — - £
PR SR S, . N . ®

[

e

R e B s B - N ..u_ueﬂw.,.,- . T

butry

E g g g - -3 - . N _ e o - R 3t
035/ 1d=A1190{38 § N A s J Bl EE St LULS R St B =

o bwtaolns s g g oo me—l e
‘gwq. ‘ .,“‘. z‘m

'R S £ 2
- H ] ~w i *

)
LN
i

RSrTe MR AT e

'

WA D(




. Voo f (I i v ' fo '
) | . . v Vo Vo
t i v . Ct ‘ ,
!
! .
LR Y N L ek 2 Lol &l LA Snatd
. !
i [ . ' - , !
B i
i ] B ;o . | o , . [
: . . b R " , ' v ' .
N - ! . ass oo sibent * +
! o Lo . . s, T ' P ‘o
' i .
' ' ' Pt ' P ' f Y .
. 1 . !
' [ ' . . ' oo o " . [ ,
X ; C P :
} R O ! ' ' Y ot ! Lt [ [
T e R T LIRS ERUELTRN TR RNETPR N SRS 'EP U R py 4 * 1oy - Y ! d
. N ) . N . i T L Lo H
. ot . ‘ S L P! - v [ vt
h ‘ . 1 ) P ‘ , i 1 Loy | Pt ' [ by [l [ [ Pt , | | ()

P N | . B NI IR T A N B R ! [ A B !
P N i A ooy b 1 . - I . o Vo ' L . N
T Py RN ST NN ot mnbonns s : , » ; ' toreaf
E o e R IR RN I IR IR N RN A S NN

Vo i ' I ' ] o f [ ‘ Vo 1 [ Joty
! i i l - I ll ] 1 1 . i b
' e S LR U A IR SR A A ‘ S I
) ' ) [ A T . f . Voo . l " [ [}
>
FEPIPREAETE D, - DIPTSR « e ey
. ' ) B ' - L v ' o ] oo ' . -t [ [
N . - . ' f - 11 ] ' . f Y4 vl (]
o Co h ' : R ' ' 1 L IR ot
. v Vo ' . . ' ' ) R E ! Lt [
PV .,,2“;.‘- P N, ey ey el JESURIE T " 1 , [omideondaas st
) Lant i B B N, e [
B .o - . f s , . S y ' ‘ Co A ! | [ ! v
+ , v ' v . ' ] [ [ [ 0 | [ f |
o . oy o T i [ vyl
Wt s i dee e ] ' a hh ' aring : . i o cpnud Tt
. v B o . + B . [ [ v ’ : { v | | !
i o ' . ) o : R IR N IR B : ! o
i ‘ . 1 ey ' (I o b oo ' . N B L '
! ‘ IRRE ' | f ) ' ' ] . . [ P . Poponoe . | Copop ot .
. I et ! , PN ' s . . .o - ' : !
| . | ' d. '
) ) . " ' ' t | N { . :
. . ' . ' P ! ' | ' ! v '
' ' ‘ Lot ' 1o i B [ 1
R T T ST Tee T ppere BTy Wy NPT . > .
. ' B P . T Y . . . ‘
) . . . P .o pe oy ' i [ Voo N [ s
' 1 : ! \
X . . ' Co i : - I oo ' t Pt l ) ot ' 1
- ' . \ f . ' i I ' o A [ BRI W 1 I vV
ERTATe FN r‘G [ I 1 e 1=t . ' Yy i 2 T s
' Lo IR ' [ [ 1 o A [ LI
. . [ . 1 ot ' s 1 (] v [ | ' .
Vo , ' Ty [ [ . [ f [
. ' { I T [ ; ) ' ;o o [ ' |
PR R PR IPUEPAF I N P A ol " y g e e
= ! Lo [ :
. vt ! 1 ooy ' ; ta | R o
» ! P N T B 0 , :
.| Lo » ! - . [ [ } I
L) ‘ b SN \ !
Ll i i ' [ 1 : o oy P fl Vo 1K
[ Y. SRS SN RO . ,
! . Lo . 1
i . [ ' L }
. ¢ Pt v i o o . S
» B ' [} ' ' [ ] ' . [ ' (]
T ' [ . f [ ' \ " [ [
‘ R L i R LA ] EXTST A ARy s ) Y gy
' . ' o [ ) ' [ t ¥ B . o
‘ ' ' ' v [ o 0 , [ | [ L L]
5 . . [ [ ¢ [ [ 1 [
c o ' P . ¥ . P . Co 1 [} T [
i psetn e pmefor o wn e gerif oo el b a) o s f " g L
[ . ' ' [N toL [N [ [
: ‘ . Coo i | ' | ! Vo
| . Vo ' ' [ 13 ot
. B } ¢ oy
v 2 A 14 | v LS [ E TR IR NP S N Y T T ¥ youmy ¥
] [ . + 1 ' ' ) |
' [ 1 ' ‘ [} i [
o ' ' ’ . ) () . ' '
y )
. \ . . . [ o
o yre e porspees »
1 . . [ T |
. . . A ' ' f . i | '
i l o v
L ‘ i . f o PRI [ o
/ o R Vg f f o N B
f . . P fov T |
[ A i 1 [ [
L . Pport t B [ Y| t '
gt it U T > » ' " o
k3 ¥ 4 Vo
‘ ;4.!‘,1,7'.._3,, i .
29 .| 3.4 .
f . i [ [ [ . [ ’ s
' STROKE. = IN - _ -
nranp| ¢ ineer e eppm relida 3o e b 3 i *
+ 1 . [ .
. ' [ ]
. T v [ ] [ TN [
?'ll" F"G 63 * [T O T B '
| rwlmmm«w O T ezt ke ngre e ve ) il AW, Bl rrim

92




. o i | By o = 4 ¥ - ot om0 LT A sy S I Bl £ (9 st * omopr g nasp
Coga ' g I . T3 s# : | 3 é + # ] v . ' '
Yooy . TEE;T 8 : ) ¢ . '

) . . . L . ‘ . .
a - WORK V | o
‘ piiny - . e ) x po
) . . o AP T . ‘ .
! ‘ : ‘ ‘ f AR IR '
! - [ ' [ IR A [ B .
1 ] i " — Hp— ‘ oot " . : ; « ; Ay oufe s |7 inm e s e e
) . t ’ v Py b i | { IR ' '
| : [ v L L I AR O e B by ot ' oo
| -l [ L N T I B T B N ' ! Pt ) Pt
' i'," . C o I by s § . . .
¥ ¥ Y 4 * % e I A e ¥ pinsg o fmine bl Y ety ¢ s o | mdpestion R e Y
‘ i ' c 1 R AT R N I I I R AR I ' ERLEE T RN & .
A b N AU N LIS RN R AN I S AR NIV IR I (PR ‘
i 1 P § . 1 b [ { !=-! [ F oo . ) . . oo
' ! f ' I | o i [ I | ) A Vo o . v

PRPVRSRPPHN P —
' '

N

WORK, — FT
B f'ﬁ }

il IPRURRTE R S S ! R R TR (TR vy P £ --uuqmw"

q al v qaant )
L . [ ' f ' . (] ' . . s . ' .
i .
t i . s ' f . . . . o ' 1
c o : N A R [ TR . N I P
p : . VoL ¢ [ . H f . Vo . H
24.000 - ‘ ,
* To-. . ] 1 o) h pofen wonprr s il ]
w-plnc-.a: Il ; W vy ) : ’ LIRS NP RN Sy TR T .
T ' . . o o L ;
' : ' ' 1 L to ; ; | y
b L ' ' ! ‘ L ' [ fo oy i v v
P f : Lo . PR . )
v by : . | '
' B ' . o [ . e [ . f .
7 " i ' ' . TR BT e wxastypal e
{ 1 . ' e , ot . ! \ TR ] t ' 0
. . 1 ) i o ‘ i to i
| o ' ' ' P
i ' H § ' . ' ot ) + ‘ } t 1 v t ! .
4o . . s oo i NE - N R n Vo vy .
g e d | ‘ .
vmeguesma il (Bl do ey . S RPN S s e e g e g
[ v ' [ . ¥ [ . . ‘ P
¥ 3 ' X ' o | ¢ i . . . .
i i 1 t r
i ) | + ' ¥
i . Lo \ . , . X
g v b,
" 1 : ! i ho't
) [ f [ ' v 1 o e ;o '
N | N3 ' . PR o o \ . f + *
. B i . s [ .
: . . [t ' ' [ I [ ] oy ' t . (]
' P Cy oy ' Vo P o .
e} 6.0 00 . - ; , - e et s e
N ! .
L g [ [ v ) v . ' ' .
i
| [ s P o [ B ' s
' ' o () [ ! [ oo vl ‘ v
. ) i
’ 0 0 v L . + L t
5 Y ' y exisstorm : e e ’
] , ' . | : ' o] ' s ) . . .
s ) . i .
' { . ! ot ' A )
[ v
' 4
. ' . )
-’i-um-l'a 900 s o 4 ' P e ytas ) b B v s |
. A ' ' ' ' [ . [ [l . . [ B
. . . . f . .
. f ' ) j ' f R '
B y . . . oy ' 4 ,
ia oy A L) i
) i § 'y | A
¥ A ' ’
. s ' . i -
. ' . t
. . i v v
S Y Yo Yo R .. . .
] . .
T N !
E—
' [ ( ' P 1 i '
) N 9
: : [ L '
i | ok e i, ot 1 a2,
‘ LI ] \
f
[ o
. o '
[ '
oo O O O~ : B S s ‘ ,
e . ) . '
' v
! ' L

" Y Ra 4 (veemmac ety 56 f,8 o' s o2 2% Wwer 548

H

LR VRN SN g

” - ' ’ —— T
o 2 J Bz ' . o '
] 4 . s
i A ) N {
STROKE.=-IN
e e R R S N LT C2 VP Al NN, W0 e [ W ian oo oo o e s e me

L BT R wewnntr ¢

WADO FR_S9-478 - d.Flel 63. |

4 3
s R LI T-E SRS [PV [ RN PPN, U P -




IR N Ts'r*s'fjnwrwoaoia
S I * ULTIPLE ( ).BAG| DROP:
R STy 40" G, cvlt.mochuaAe |
b w-)aso*/ AG Dord8" Dy6" V4929.82 F T /SEC,
e 1o Pna&ss‘unt Vs, -frim o |
B ERUE PR O DR A ‘
t * ¢ ' 1 i o oy . f VOl - Sy i =
(A R T BV SRPI SRS I EE . ,
1 ' B o :‘ f . o i : [ i '
' i i s \ 1 . 1 '
! B RN EE I R SRS
l ' : ] [ ] ' 1 :
NN |
} : : : t ' i ! ' ' : ]
ARSI IR ' f | . f )
? L ﬂ ’ ol -
L SRS
i S ' ! P AP
. o A e
v i - a ners g -
b ‘ . ‘ ' "re
N7 A \ 2
uq'ln["!' b ’m' » " womant
“*‘xi_:é" - -G ; 9/ ” -
95 o "y ; ,
) ' | i
178 T
B j ‘
41 mm“‘f L il ok s ‘\ﬂh"ﬁ%ﬂ L4 X LY ST e ] *
o : oo IOB : ‘ v‘ . .' ‘ ‘.20
.y Nl i o [ YR WA, ‘tl L adi LS L ﬁ-‘ﬂ'J‘(lME‘ 'O'I_ SEC BRI R T ELTE SRS LI B L Pl R DR TYL A AL (R Sk
«‘dAl)-o l‘]?sjgn‘a’(!l;., U e oo oo - - ._y.‘;. uuFf‘nGiIG?gwﬂ v Mmoo w fag e co L atae amaer awe i Jee 0 o  (.-

94




PR W

TEST ¥15  CHMART™ 0805

DECELERATION] VELOCITY, STROKE VS, TIME

,,,,,,,,,

Y—F1:/SEC.

S

L vEdoCITY
D -8 -
b -zi I
A st
o i
< ¢
.'3<
-
]

B R Y Y XY

A~ DECELLERATION

IETEE T RPN A B LTI T Y B shon|.

S LR LA U] PR 3]

O I R L 1

i , .
uwlss a,mn lumw‘s'snn | S anennmnimnia 1
' '
'

STROK

‘M‘VW!E"*K wmu‘enu fram i wont

i
‘unni!' elll e uue ~RE%| -

a
e Mamtarton
L4 /
[}
1 i
EL] %K A Vi g o - ¥ ‘ 4
. .
, I
N + +
o
[ ———— fomsmet st
O 08

B P I R EICETE VR CRRE BRLY s - :‘:"ME

wADe B moatrs Lo 1 FIG. 65 | ...l ...
ab




A T T N 7T RN M - s «
[ I ) . . l : . ™ .
Bl HART ¥ 08
P [ v [P ' L
s L TROKE
I o it 3 B Sl ek . o ] G e I ) By b T Sl Kona )
| B o, . ) . ! '
L v ’ ' ' .
i : , !
' f f v B
! Iy
[ g Co oo
4 " Py " Al danab 4 . Kok b o N T TF L Tl PR e v v [ S R S PRI PRI
T 7 | . ) f by [
i o ' G y oy
1 ' i ' i
i B ' . . [ oo . i
S L - N . Do
i ‘ |
4 T P T Y Rl (7Y v pURs PPN ¥
Pt . s ' f , 1 3 :
| i o . ¢ ) . | . iy P ) )
[ v v . . T b
|
f [ L . [ o \
. . .
NIPHTRY JRO - ¥ - ; " UG g
= ) v I
1 ot i i 3 i
Co : . P . . '
) b : ot e
. ' o ) B j
) . ‘ ' e
il 2 ' 4 i a%s + L] ET D) B [ e LY TTWIT S  §
. ' A . !
+ 1 . i g |
“ ﬂ‘,,. i uhiie N P SRR
, [
[ . i '
'
' .
¢ ! .
D e Lk I DT ] U R S A 4R i sl -i RO <ol e * E
i B ‘ s
' : s
N - Y~ - b Wi s @ sands @
" 45
. i
-~ . "
' ! S .
. . § B )/
1 .
Jesannwmits - mmuﬂlvsxm - u i * & % weprr o). - -
R . 1
: i
[ e |
. T t .
' 1
i " 4 sn ~ .
- R P
TR P {2 " s F B B S ata =T | B SRR PEPSY - : ¥
3 f [
rvane wosrnetnd om. founl, 31 watomsear e 10 v L it o | s ¥
' 4
4
o
' I
' .
-
'
/ .
B R B R e I O ] - ‘ = v v Y .
. f ' ‘ . [
el 1L L “ HE gl
0 I 24
STROKE —IN
[P— S— . L. AR AR VNG LA S N R PRI Ry IR TPTTI VTN
E . o Wwrjed k
WADG R, BTG FlGL66
B EA-SFRa S S N SR PR X —— F— SRR MM L, U U N AT T y

96




.. [ DR I . - .. R B I TN WA T - ;

[ - R - - - .- - [ i ST RUSIPRIY o - e - - B - - §
R R - o S g N R E ) R - .
cT T g - B R N T R B IR !
INIRR SRR RN SUY SRR ISR AR SR SR S I S M‘.;umlu-w“ B ,.AH.I.t.cH “\muw m
- N R D T - HV-- PR R .||||.1IH-..|,I,M U DR S T m
. - .- - .. - - - it -3 - - - e - B - f - - - I
. —- S N . - ,l-y/ . S - ie L. - -

hadt T — - - - 3y - - - - - = - - o= ) l' — T - S A

= - - - - = - - o "l‘ - = .l-‘xll”|'4 - - - e - ’ - - h

.- - A - - - .. - . [ !..‘/!/ P S - .- i
-1 - R S SO R -4- = e //- i - i H
i €D L. - PO SRS R S .- P D N — NG R
m.ﬁw .- A D D NN DR A S S I DU B U --J o
*!ﬁ - R R R i D e R S - N. £
= Ol. - A R A . F Y- i- . 1. A B e —
< D e R R EEREE R EETIE S + - -- - - B ‘
5 90 = SRS Sl A SR Sl : S ey IRNISS S SRt SENS S SIS B w &
i ol ¢ ) 1 § I - D N N . R T - 3 Km ©
I & MU R R ISR NS RN R SR R IR SR N S S o s
n.ll.sm‘lo! . A il Tt T ISR - — e —— - e o —3 - R, - - - - w.n‘» B 1 < -—
- B R I e i IS NP SR s Sl Bt - m.- - i B - w:
lm | S s Snhioh S | B I R D e ! R - i R " [¢3) .
F O mﬂ,ﬁhwhrﬂ.r.uw.w.l\u-mi!,m;-u!.{.Iullutlu. I SN B DU S SR SR I ; m
‘S‘tw N A R " m; N I Wwyn. i- R S - a 2 . i
PSS RN U DU -SUDUN S N A D T A A D A : H
=" 3 - _"i° " R D S S D ) ,m,.lu “ R ; o7 Z

- R TS S (e D 1 I X . .
s - - S St Sttt A Sl S R - - - s - : -8 H
. — i 1% . A R O - N _ & T
i

DR AU S SR A ShUNE SRR DRSS I B S i SNSRI S [ B m )
- - R B D R R B M S R S P . [
— - DUPRN (SN N S AU SRV SN RSN SR SN SN SIS S ) -
— -y e o - —f— g e - - - - - - - -y - 5
PR I i - - N~ RDUDNE SRS <> N SR <> M S <> MU S > MR s 1“
B T P -2 .o I e T =

N ST - 1 N . 5 ¥ 3T T T T o R - =i
T d_ - IV SR .IMlH'NMI!II» - S 2 .“Hﬂw-!i —— T -Mi.: oL Tl OW
R Y A,(,ivilll..,lﬂ,m,..Hi i S Wl - fH‘SM..II‘.It.HH I. P el .w W.mﬂ

97



o ' ‘ : ~. LA [ i ‘ [ 14 X , 1 i A ) y : : [N : ’ ' o
S R TE,fT"'éO,,OT'RT*DBdé- BN R RN ENR
SRS N T R ULTIRLE (4) BAQ DROR | IR
: ' . 1} C ~ h : . P
‘357 DIA, X 35" LC pgwﬂnw ICAL |BAGS | o
. . o ' A : . .
. W [S80M/BAG Dok 4.5" | Dpk8| Vou 2988 FT/8EC. | |
. v 4 "
. ' i ‘ ! \ i ' '
. | Pndss,uaT V8, TIME | | o
e} " : dsmyms) ant ; ‘ ! o
1 . ¢ ‘ ) [
[ ' ' ¥ : . ‘ L] + ' 1 [
t t " f [
; ' ) ' ' 1 [ 0 . ) [
' ) 4 ) ' f | ' f [
, .
' o Z e C
e . N
+ ' i .
’
)
" : : :
1 b L)
. .' : 1
: ' i [
1 ! f ' : )
1 ' ] 1l [}
| ' . 1 ' e
' .
C, ! 1 ' :
L] il SR - -
‘ ' ' .
o i .‘, o ' i ’ '
. e i i
. ' [ i [3 . ‘ Ll [}
{ ' ' i [ t [ 1 [
1 ' (I t s t '
[ - ! ¢
' i
T .
l'e‘ o
) % | ’ ‘
¢ '
'{ ' 1
. ‘I; . " T .
‘ 1 T | . '
,nl!el-: muunl-nmer b ool LR ROl it
. f ) ' '
¥ y ' e
& - ,
0 )
RPN :wnm;‘m Jusnoc v st | vsmevrumsred g R e L ] mekae ] ot se svsy i
(e owtmpzar o) - n g e R Y e e j perry
| :
'.
b Rpaboosiy ' . .
: ol .08 e 20
[ S T T o] ST RPN [P P wIliM;Er: SEG-& ) i e » s paan o] vesume wnae e ;m
| , - : ‘
/ - ‘ } ‘ .
_'WJ\J‘ O" a‘ .l,g"wf[}lg)r‘:l’KV“?‘%"&‘*!\:‘&*S‘N»/Q‘ T ! e »---}El ‘agwssu’ - ” - I ol 2 i * po ' \ AW




I e e e e e e e = i b L B S e e
~uy-! -,w--ml,‘-- ST TR “Huu,wtlnhu S I DU D S D N -
> S S RS S 5 el g I S DRl St Tl S SR SR Sl )
B e Py iy S g g S S
P N EN RS - =t e = RN FE EEes el Eatd SEES) LRt A -

. P i - R o - - - )
D o i - R g B SN S —_t MRS | DRI DU QU S D - -
g Sy Ty T T O e A S Dol S § By Dl Syl Sk S - Lok 3 E
ﬂam.- - Wlllll,lm.- S Y I R D J— R SRS S S D H”‘%m .
*-”Sc} o B Baites SFatuts S R - — —— e R - - - - - - - m 1
T = S Dy puind s wathls Rl DA R URDEE Shtn. Bt Sl N S o -

'

.69
99

b

iy

P

i

%Q

%T >

ALl IV

s
)

i

Eha

(B

f

1

ot

ig.i

B i
. oo 1 .
‘ - Iv!l
WIS WYY ) e g et wer i § o)

. PEG




S

3 B o T . i . N - . R o H
N - - - - - - - - 3 »
S : , : . : - R Ribat bl oo i
) - C T T T 3 - T T3 m m
1 : F o ) i B - -
i ! I =1 I i . 1. ol i, - m
ST R o it Sl B FRE e NN DRSS SEEE SRS S - ;
7y I B B - P DU I AN S S S ‘
19 SRR DR R IR R ey etk S S SR DN R i ;
m [N S - - - - - ‘ I S —— PR .n@y . . - N m
Mneb. RS SRS SOCUE B IS RS ROt Rt M i ..un mm
e - - s Rl n - S il Rt Rl SR RS S N -1 -
= 9 U TR R T FN WO R IR W R D T R Q %
¢ IR SUMEE il St SR D SAN AR e it SRt DU S S : =
i R R IR - i- - i Rt el Rk B o :
o I N I R —_ N T ;
¥ © R DS R R : : SR St U R S S o ;
0 - - § - -1 - - b - : - . - ! “
5ol S SRS SRR M : - : - - 1 i
= . . i
I - I M
- - . .- R - P H
- - - B S - - - - - - - - - H i
ST SRS SRS SEbad TR S Rt SR N SR S R S : . : :
Sis RS I RS S g SR SRR SRS RS PN SO ;B
S Sl sl IR N SR SR R S T & i <.
[ - — e B e - - - - . - - k3 m
—- -~ S e . - - ‘ - : : P e
; .0 I [ .
D S S R - S S S 83 S S i =
Entatial Tl M - - - -t - - - H - - - H -
—— e f-— - - ] Rl et Rkt Tt Rl s T P =

100



iy . Gpenrlt: . .
- S - . * o T \ ‘ . S .
o . : TEST W20 CHART 0806 S
o . [ i X . p gt . . A . P
} | \ WORK VS, STROKE |
5 " FRpag— s | S " A a

st
[ . ' 1 '
' . '
Ch : . oo .
N " i
v . . . )
. ' . [ ‘ o ' v o
toy . [ . . I
] 1 | ! v ' ' ¢ i — 1
* k. -l
, ' o . N ' ' . i I [ T
+ + . 4oy Co . " o . . 0 ) . [
- R 1 o oy ' . '
. i Ca C { ' . o i
bk nsd sl
. ! ' ) C i o ' . ¢ . . ' -
v 1 t LN 1] 1 i v
. ‘ d | t [ ' o
. A ' . ' by i . . [
. ' ' . o . Co o
! ' . i ' . s . . ' ' Vo
' Vo ) . . I s . . " "o oo
§ N . o ' i . . . o o
mmu-uune o \ L]
[ v . v v N [ 1 ' f ' § . ' ' i '
' [ i . ' . ' v i Lot . . 1
) ' ; ' : Vo i I i
} . | i ‘ [
' . . P Lo '
| [ . ' oy .
i { [ ! . R . .

-ummmva ‘M
1 : i f : ' ‘ N
[ t [ ' [ . oy |
i C . . . , .

1 C
f . v [ . . .
. " ' ' . . ' . '
. ' 1 . o . ' " N ' ' i

P I ' . . 1 ' . v [N 1 Cor i i

| dsrmeon e uwo. ‘ » . i ‘ ¥
¢ [ L i} v [ : . [ . ' . . . . .

§ [ [ . o PRI
' . ' L i L . : ' 1
;o [ ' [ ) . (] ¥ . f . i f
i . . .
‘ ' ) . y ' . . roo
' . 1
. . L .
,,.........‘Q..AQQQ.
T [
il +
' . . 1
' o
+ t
t Vo . .
C . . G
' [ + . i "
Uewmmgercicns -mi |
i . : C Cg
' s oo oo g
' N [
[ . ' . .
> i
[ ' i
! ) o '
' i . ot i
S | i : o |

Ot ; t ’

i ' h i [ |

- o [ i

. ' ' l . [ |
) s v '

et ym) L (21

. I 1

: o i

1 1 . i i
) Lo ]

A L R AT L e I e 2 L fanbeti A S8 o D e L BT g T T B L P o) m.m.pm:':

y Ay 4 ' Y ’
WADG TR 50Wb78
R R At TR « oo #hehoan ol enar e myendar o B A ]




R D Tt S winm: paiiet Rt Tefbestnts SAURE S X
U 'S S S S S DU AU I S -l
e — - - . .!m.!.,!r. [ERVRN. N R .- — - - e -
e S G et R By RN B Spe S —
- ‘..‘Hmﬂ., S0 Rty el etusteie: s et el S i
RRE SRR EENE IEEEER St S Sl Serd. St S 3 P
S SR IR RIS TEES SREs N M m
RS W - — . N DT R :
oS S SR B S e S ‘
.TLu R R e e e
e - U DR EREE RS SRS St
.Wwii ,m 3 I R e i . i- -
ﬂ.um.‘o-.w.ﬂm R AR SRS B S L A
‘ ar o R . i
X on i _ B y E T
. MW . MU . i \L g - 2m
7 o 1 i - - - S : 0 ~
] . ‘ : , m
- - : 1 i
S R = T . e R w2

L Y Y P M«’vu-%lnl‘u

l.

R LT R}

ot

ts
%

R e

i
'
'
'
i
'
.
s
'
.
i
v

g s+

e B ek

38" DIA, X 48" LG, CYLIN

a0 a e S o
e v

Mo Bsp .
b

[
|

e
L)

et eekenn
'
'
i w1813 00

VI Ep e

'
IR e
1

'

rl

A

1

0

1

.

'

1

4

t

1

'

i

'

d

t

f

|

i

i

- —

¥

.
T8
il )
LN

'

B

|

..w..‘...,

P
'

WADO IR 59

e e sl de o e
- B

SR IS SUNSPR APUUU T —— |.!|m||a DU SR SR

102



S OO S .- R SR == P SRR STR :6‘Ij;.:;‘ls..l|‘--ia
NSRS S TSR (NN RN SRR SR RPN DN W N SV SIS S — . S
—— e ——— — - e - —— i —— _— S ——

R s Anieuntlt ISR Mvam SRR B SN B S - - - 8 - - Ko 2 S

RSN DU N - SURt DU S NN - SN B S I Y PR IR S £ R
- . . R [PV . - 'lmil - PN S . - - 4 —fp

Toe o[ g
P xg,ls,:i‘
. , C oy !
‘,.# l~‘i RN
3. A
oo i atuant
I

V5

[
i
»

I
s

!
|

7

3

VELQGITY] STROKE

CHART™ 08

:
!

TR

ATION,

| -éii—:htn‘ ¥

103



P ¢ Mg AN

&l ¥ el ¥ ~ i) Li
roe . [ ! ! -r !;ll 1*01337 . . e
o Vo R R . . . y . V . ) T
[ ' . . . '
o )KE
b " s -
) f t
. '
s i ' .
| ) . ' . ' : . i . ' v
i ' . ' ' ‘ Vo . | B
' [ ' ' 1 [ Co . .
it bl [ Vo ' ' [ + ' v '
1 i [ [ ' i v ' [ I « s
Y LI ] * v 1 il ' .
) " p Y Py ‘
' t o [ . [ ) 1 v
1 )
‘ i I} i i v PRI i t i 1 . + \ )
t t " ' 1 ' [ [ X ] Vo 1 [
¢ . v . A [ [ N . » '
i) ' v ' [ " ' vt 1 L o ' +
v i ' . [ v s .
. i b ' [ [N R C1 ' s
. ‘ ‘ ‘ e \ . . o
A - T '
i [ T o ' [ PR ooy b
[ L ) ' ' — . . ' B
i ' ! ; '
LI [ i 3 ' . PR . 1 ' . . '
v oy ' ' i | f . ' '
i w‘ ! s ot P Lyt P
! [ ' (. v L [ T .
) Lo i ' [ ' P 0o . ' I
' ' I i [ B [ i ‘ '
T4 I f ' ' [ ' , ' .
P : - - . b . o :
i [ . L . o ' . . s
: an ‘ ' , ,
- g “na L]
[ ) N |
A . N \ .
' ' i i P 7o . - ) I [ .
i B ' - T '
. ‘ ' ' . ' ‘
o JIUY i e
- |
I [ i [ ' ¥ [ 1 . i,
o ' o [ v g i '
[ \ [ . . b . ' i
; — | g i
6 e ;
i et} . i ' . ( [ ' , .
'
. 1 ‘. LI \ 0 i1
i ' f ' 1 3 ' i I ' ' i [
i N f il
* i
L [ , . . b . . [ '
v v , . f ' ! i v
\ ' " \ . . . G o
N i » 1 y . | )
SN - /'
. . . D ' . b .
" . . 8 vy s
- - ' . [ ' ' ¢
w . ' , , !
Y *
. s . )
. ' R . . .
l 0 [ . . B ’ o y 0 v
- v ' o ll , + i
TR . wdl
L4 .
. Vo c '
Cor o 1 o ‘o [
' . . [ . '
. f ' . [
' t v . [
[ i ’
. . .
' ) . '
e
1 v
! i
'
' |
. LI |
! 1 LI 1
. '
e 24 | 3R - 40 '
| STROKE=IN
B[ FO s g |t 2 g ) WOl R DRt et ] ) 3 b B2 2L ."
‘ ¢ MR oHoLtn v
WADG TR 59aT1H ._Fl6l.74 .
R L IR T e ] RS AN R N LT BT e SR AL AL A R S L en X el e e

04




S U SR f (gl Ry Puptieell IR S S SRS Diaseny bR DOy U S B w‘m TR
£ - U PSIRUUINNS NNV U S SO SR (USRI U, U, . - - -y - -
R

S - T T T T T TS - - -
e B I R RN IR SERYE I A o
e e e e e

'
'

$r v i cmyenlen mncan mwe]er) e e nomis juve

Moy (s ¢ 1 g 1
o837
..

I
1
t
|
'

i
i
'

]

!

1
!

i
i
'

|
t
)
!
{
'
|
1
I
'
i
1
1
'
'
'
'
|

"
i
'

-'lxa

-
oo

»
e

munlse

ART
Vs, | STROKE
[
!
i
;
EIGL.78..|.

STROKE

|06

NP M R R I uuw“,wﬂnw TR U Y RN P A DU S ]
Pk IR SRRl St St i St SRR JERE] i) SEE) ERENE SEEE NEN S | i
2] R il G SRS () SO IR IO S o EOURN N LU B BT Al |
—4 1 i y,‘, — . —
L O JUUR A MR N I DU S RNONRE VR AU I I
| I . . DI IR R S R S R S, S . .. .
.- 3 - . . .- - - - N S . - L
RN e e R S R B B I EEEE) SRR TEEES Skl EEEE REENE EEEE EEE -
DI D R U I AR N S T A S HE - i in
R T S o ) - 1 SR RN R | I - =
T ] . E - ¥
BN DU R BN N R S .‘.:MWW.HH ‘-,.% ,;.,-wmvm-u -0 T o =
Ty oo o - (SETELNHOM - Y - - ot
B : - N o] @ T o B ) , : =i
Sl e DL NS BN SR < = B SRS RR - , <
b~ - - i M k3 - =
. RS R AR PR S AR SR SR SR S S . - -1 _ ="
- —— | H ) ! -




i AR I IR R .—oulil.fwu.ir . RSN SR N —=Tii [P RSP
(IR NUD N A EpU AN o b -} b - i e ) - fe—-
DU Dl St R it SAGUI g Sultuart OIS SERP Sl Rt SN S S SR SR S R
AR SRS A AP ISR I DU SR SRRUIRET U TR I RNDp S Suup R e
o = 1 S il e Rl SO Sty SRS SR SIS S i G DRIV SR D DI
SRS ' | SR UUUURRNS RN RIS IR MU S S v - S PRI S I RO
D B A SR A T . .
b
- 1 DT PR VN SR b R

9
,
s
i
‘
i
'
[
s
.
¢
i
1
'
!
t

1

56 |,

LG e Ry PPN

4

p

!

08

RO

|

!

e

W} |
S T

W
y

AL BAGS
5" v|#29.7

3

:
i
4
4
'
1
'
t
)
i
i
.
|
!
i
'

0’;
'
i
i
'
t
i
'
[
+
'
'

i

A, sk

casetes

NDPRIC

)
{
|
1
5
|
i
1
1
[

al

;

.
Vs -

'

!

'

)

.

!

.

f

!

.

i

t
|
'
s
[
[
t
'
[

!
|
|

Shue sgermatye

L

(4) BAG

f

8 2 gt qemtpant

.
'
|
)
y

i

:

i

Ul

%2

i
t
1
1
|
i
[
t
b
'
.
'
+

L6, CYLI
s.0f
SURE|

|

}
'
!
i
'
'
'
'
i
.
1
1
|
!
)

106

LT EPEN T R ] EY TN

= -
= Jl e e D Bt DS St ples

;

TES
|

s . &
'
| .
i

/ BAG
P
]

Al KX 4

B
i
H
L)
D
)
¥
[
'
'
'
i
[N B
'
'
L)
TIME |~ SEC
(mmtnr o s oo v o ] 2ilhe By R Poecia descms inserfomarn

f
[
’
!
!
i
t
i
¢
'
‘
'
'
'
t
v
i

/»‘

bt

A a4 A T - JUPUDIR BRSNS SRR I - U P . P N\ .

P RS D ISUR SRR RO S A - S T - . N

SRR R B Skt il St RS RS SN SR S el R S S S\

b SR SODU A AT I DU U I e . S R >

E SR S St SunbiR I St Sy SRS SURI BRI DI I . T ’ =

0
4
.
i
T
(]

f
¢
'
'

¥

'
v
1

i
il
+
i
)
i
|
|
'
v
1
T
|
I
|
!
|
)
i
!
18
ol
t!
4
o
s
10 S
=
A'l
O -
)
P
W
]
‘s
‘!
i
'

;
I
'
)
i
!
i
!
v
\
[
y
]
1
}
;
)
+
1
E)
!
\
'

)
'
1
¢

'
B R e T P N Lt

|
\ m
. | 9iSd—3wASSIMd {v -

|
|
'
1
l
i
|
1
i
!
i
'
1
'
1
i
.
y
i
4
1
‘
‘
'
s ol N R
.
i
'

I

i
i
I
]
I
|
1
|
!
!
i
|
T
1’
'
¢
1
i
!
4
t

ety i Jowme yort e R ey 0¥ i BTG womaEaal A Mj.o‘.p.z‘sw,m, e,

I

WADC IR Ho.p




g el DR M e R " S SEOE I TTTT¥IITIET T I U (DU AR, —_—
S [P IS 1.~ DR SN R, N PR .
l,'li.“\” VH |||I|I.H‘I0|I |H‘|l‘l| — V'>'|‘T|‘ - - - ””IH “!H“ Hl'l\“ ”“H’ ” -
' SR EEOE Rty ity S - 2 o :
=

= EE Bt EUREE Sttt DRGE  mil SA Db S BN SRS S DR

S Bt TEE R St MRS b4 RS SURSE S Sty St ASE S
I S B B R e b T . T B

L "] N _ & l _ .

Sl HE T Torad Uit ROt & = i Bin ol Shgu DU Ry Sty Sup S

© i N DR SR - -- SRS IR SR DU T

OB
RO

|
)
i
)
1

ﬁ'Tf
|
|
:

ART!

1Ty, 5T

[ )
|
.
bio
VELO
Vo
-
P
[
|1t
\ R
i
B
N\
‘ 1
A
[l
R
t
i
to
A
SEC

H
Cl
i
|
"

't
|
|
\ .

|
d
i
i

107

t

F15L77 renn

N

o

i

|

{

|

1

I

|

1

|

|

]

|

{
})f
1]

|

4

|

ol
Fafooo ol
Y

/
'I
! LIME

L a1
(N}
1t

ta

R B985

WAT(

X

[

|




g i e

R TR R T e i O I O N O o B e |
m - e DS Dt R DO S S SR R N mil B N A .
At EEE N D N D T B B - St SRS DUUNEE RGOS Sl Sty R :
i i : S SUNSS RAOSS SRS R S S R S B T TR L W T

v . . U I . R - .- .
o . 2 I : - ———— — 1 N -

[ B S Ul Sl R St St S S e § o TETTOTATIITEL : -
*;E: 0 SRS Setel S SN R SubiUUNS DU S S BUNU S SR S DI
o T il TS S SOt A BOS SUN il R BN RINNDY SIS S i Y

R el ot TR BEETE DUt St Suieh Subin SR SRR DU S N

!\J:;s.‘ e I i — : — — -

T it oTIiTITTITICTE L ETIL S DU Bolah Saoh DS REARE b N IOE B

o Tkl Rt T it DS DU Habint SARDOE SNt Sutulubit Subgubl SUDNS SUNPENS DENPR |

«3,| e m - —_—— -~ — .~ B e - - - - - - - — - -

o~ 8 __ & i ___i... F_o___%Fo_ .- - .k __Y_ _ B R - .- -f. .
T S ) - - I R RS T T T L. I
L ot EIR St Sl s SR it Rl RRRS SERAS Sy PR SN REREY IS S

R B R Tt ELE B R R

oS i o .- .. _i_. N I — 3 . f....%.. .f_. . f.

27 S i S DS St i DU S S bl s SO B MiSe A

. _ n . I b = - - — i — 1 — N - . :
S s Dt O I S Sub DS S SRR S N S 2 e :
T A sl S R i T I - T i u

i S St bt Gt Sl BOnb SAUNN : SN Sl St Sl N S| P
et HEEt D st Toanbtt D SR R S B R Sl SRR SN S S . P
Sy RS Sl Sl S i ROt i SR S N S | . R P
Sl RS Sasenll S DG S _ , - :
..... 5 Sl st paslaint SR 1T @ . R O i g
et Rt Sint St SRS St b SUNRE DU S . ) TOE S =
s g S S S S M MU SRR S u@ I SRS RS st




S SRR SR Dbt SVt SR AR S - RS DR SR o - B S
. . - - - 1
T . R D D R CR—
- . . - B . .. . - z ¥
I DR B : b R R IS DR Db B Sl N I P
e e - - B o e . - . - - _ P PR PR . — PR - . - - T - = _—— e nl||1x,|£n|.,.o m
.. - . E a3 . - - § ... . . - - - < .
e . - " SRS SR T S RS DR Sl
RS TP RO R it g : . i
. I T I U T _ N Y . b . . _ R 1 ,
IR U TR . - . - - Y o R L o L
RS D Stuus Sunt SRR DR RN D S viust SRS SRS S S CIN !
BTN SRS Sieetd ol SEEE RN B RN EERNE BT R N !
R SR SO S S I RS SAaS Sl B SR SR DA S o
AR St et b - 2 RS R SR R SRS : L N
R AR et Suttsnnt SRDIDANE IR N SRS S SRR DR St Suaihie e N [
S DU Sl R R IS SR T I B : CETTITE ==
. w1
- - e = - - - - - . - —— . e = m - e - - - - - - - - - - . - . - i
N S Sl R Sl B S R S 0 SRS R S S m 4
N . e T T | - - -.-lw. A, .- - . H H
- . N . _ . -3 [ S - . . . PR S EL L M
S R ERERE R SEUE RS SR BN N D DU S . B . : ‘
SN = D S BN TR EE R I R A S St bl B A A - )
- B - - s i - - - 4%
RO SUUE SR S SR SR SRR SIS SN > SR S - S i S Sl R S - io o
N SR . “CE =1 4 — MM o i & S W Y o] 1 =
b b ol sm-idowwom 8 (-8 |8 18 )8 -
el Betuia S B I e e T R EEE S iR =
S R St T S B Bt Sl tlielabdl Siuielll B S S : e =

109



' . ; -y ” : yems i » T ? - il T f : ..mw T o ‘ yre e
INH RN " cHART™ode63 ST
[ i i A o Co s I i . ' o f N
‘ I ' , . \ . 3 - , 4 } e a i danl) 'E Alg . E’ROP Al Ladh b ROEN L : at uqh‘lu»gﬁu‘v- uh‘Ani“;U‘;u
R B . i . i - v . s . ' . ' . - :
Tl 5" D|A| X487 LG, CYLINDRICAL BAB I ﬂ
1oty v v v | i i * : | RN Lo R . | S :
ol iweizes™io w8 b kies’ y w2819 FTI/SEC, .
Ll L] , ; ’ ‘ ' F st : e % \ 4 1 ‘ f - - P ) TR ey A R L ] SR TECTSTRIEAN SN oRrrer |
T T ]| PRessURE vy Time s
[T AR o ' PR [ B O I A . : '
P R s ] f . b e | ' |
y it } \ # - 4 | s o bt D ragrsa oo Mot e s T
¢ [ i o it ’ v ¢ e LI '
] Py [ b Vo o oAy "] ' [ Voo ' i f
i I ' l | (K vty oo 1 [ f
] R (I N T ! | Py ' . I f
I,‘A \ ) } ; I : ; | "y : : ', ' : ) ' 1o o i = R .
o ( s b P [ [ + SR ‘ b ¢ . [ [ 1
. ’ "k 1 (] i (] oy L [} v | R o ¢
H [ ] ' i [ . 1 l t ' gt [ ! + ] 1 o ]
SRR R S N R I R - N
v [ oo i o [ ' () I ' B ) . [
R . ' f ) f ‘o \ o . B - . o .
T \ ' ! L \ .

- [ f
\ i v [ ' e ' f
;o f f Vo ' b R ‘ . ‘ @ v
' o t ‘ B [ [ [ ' +
asisany j sty ; U
. ) [ ' . ' '
+ ! ' Vo ' [ ! e
ot 1 ’ LI T N ) ' v o + i i [}
\ .
T A 1 i ' - " '
O
h i RO A 1 ¥ | ' -
i1y ] [} v + N '
i ' l ' ) o ] ' ook f
| ' I e . o
g
o . [ e
AN . l ' ' Voo "ot vy
. [, il
f ' i ' ' [ W4 '
t ¢ 1 (o ' 1 [ '
R v + 3 b N
0D ‘
g - & el L
i ’ [ v ' . | . ' .
i v [ [ ' | L [ ’ | . :
{ . i ' o . Loty Voo v P f !
L 1 bt b v P LI} \ v ' ) t t
nq--at-—. Lt i W ’ talakd i et
P [ ' [ [ ' ' ' ! . \ '
h 1 I t f ¥ t ' i 1]
ct } [ i b ' 1 '
T [} [ 1 ' ' fy
0
e Qg 6 j P
t [ !
t l £ t - ‘
[ (o 1 ) ' . !
o o .
{ o v} » L
(. i ' t ‘ ' [ .
i . . ' [ . . oy !
' ! ' +
| | [ ! ‘ f
h ' : . vy ' \ . v
(YY) . . hY
! - L Bl iU UE LY (LU
} t . ' v s ' . )
o ' s v . [ t . [ f . ' ) I
[ Vo s . ' ' ' .
'
b " 0 ’ + 1 Yoo
g e 1
n ’ i ‘ ¥ ' L
[ 1 0 P e . [
L + ¢ ' [ '
' b‘
[T el

PR PO E T B T T

» PR twer T
P ~ ' ’ .
o0 e J :
o TIME SEC)..... . el

FEBAY N e | APURDIINY  SER | R e SRk oo g loy ng o o lhn. HEFpsegrer PHE R SRR I ¥ R [Yroen s oy ogy (] ol i

ot ! ~
. '
A 7 ) . .
WADG IR S0.4778 F16.80 B
o £ L L S T B i EOR A B B P L T L T PP R S N

Ho




L g

n L AR

963"

e

E&EEA'ILI

;"‘l
OKE|VS..T

s
'
'
1
!
1

< [seen

Toe

-

STR
o

FR—

s
isfennt
)

1 [GHART

s
i

1
'
1

-

|
ROPH F s e T L R

i
Jress
| PO I
.
i

LR
LOCITY
-'r

1

e e LIME = SEGe . |

X
R
ELOC
N
/.
08

CTEYT

L LOELGLB).. .

L
i

Y ST

ot

)
-
[
[
t
%
1
1
|
Vo
\
[
v
i
)
|
)
yor
E\t
!
'
b ol

P P e L

o

/

/
iyl

DECELE ai&fnbn. Ve
ROK

Y fvl
[T D I

f
¢

O

R4

v

!

\
a
W

1

i

1

Goul!

(38

nym’-'w En:m-ns
v ! ]
'

24
i
e

|
|
|
]I
:
:
7
|
o
[
1,
o
{
pa
16
k

ansaxrannn = wenmopde 1 s 8
ANG TR

b




y . oo . 4 g 7‘1 . U U P PR e 1 1 SR Sy 8 e
. [ ' . ) . L A '
4 \ ) ‘
L b . ; IR ' ] :
o l ¢ ' . . . . )
T R VS. STROKE ‘
3 Rk adt- ‘ X Wi D R e R T L e R R B 3 T ST
' 1 :
' . . .
' ' G
i . ' ' 1 - .
N . i - VRS TN PRSI DIURIPRRIIG: SR Pryy (AR poAp ey
' N . + - o X
. ' X
v i o
o y . .
" s " i pin | PP B | £ e
N ' Ve B
i |
P . . . ) s . ! i
. Sop P S ' . ' ' .
1 Lo :
i ' . ot [ f I TR . i .
RIE 2 PR LI L S LR L [N RS LI LA
| .
) i ¥ Q‘ LI Vo t [R B
v ' i ' [ ’ ' oo 3 .
I l . I [ R .
i
| . ‘ [ ) ' . [ ) .
¢ e 4 L BB By +
) : . ' [ : '
. . ’ . . . v ' :
- ' . o '
. [ ' ' k ' . “
Poag e e e aan mis
. ' . . . . Vot
' i 1 [ N v . '
e v s . o . .
i [ t ' .
1 e oy 13- BEIT TN UTE A T R A L R TE-2 UE T TE TS ) T IR B 2 L e )
: . I
\ . \ - , .
s Vo . o
1 ! + o
el o . N e [ e ]
o o . v : > 2w
\ ‘ . . . ' . . |
' ' . ' [ .
. . ; i 1 . )
1) P L + t A
T -uqnwn-u.en ! e, t sn oo | wmone g B o |
t [T P f
. . . o ) ) L
) h
' ' [ 1 . y i
' . . ' .
\ * 1 vy | Lgles # 4 i N whe .
, . \ . j
L 1 v . ' ' '
PRTTPCIE S :wz-u'ein 3 00 S RERE 0 { IR Wt P o | 3n 95 . » JRpeEp——
b ¥ + . . . " |
' ' |
0 ‘ |
< ‘ :
) . ' L
25 omm Sepze swlc Eware e o s 5 1 Reee | Sevenesmemaan | supaee o am 2 ik e Jonv - evene = Prr CT oSS | T LR
‘ A , :
P A% AW WY T B 3 . e : 5 s
A i / ’
' ' '
oy 3 frmasaon mods s aren o fs ! / s o, wn EFY
¢
'
v e RIS m«mm4u g ) L yo o m P R LU T s S B A L
p” \-—— f
sp pmasense s s xne o wfo i s rmess | o spirgfimp)asser g m wesfron dsirentun [asans ke Cop dpmae |REA’s o SR T o g « g« e
[P O [ PR
'. 24 32 4
‘ STROKE =~ IN.
b ogy oo ewmpur|wen o o %o PR R A B CEET e v -, ... LI P R P L w e N - g
l : o 4 HET i i :
VAR IR [ A
I H . . - j i R

e




DR Bkt B S Pate Eouiien paet Kby S B B IEEEE RS EENES il R S

e Sl bl b DSttt Tominie SURPDR R~ & Sl S HEE I |

T R T - -~ S B l — B w
B P s indspuint g St N FETEE B ;
ey T e o TR T o s e S I |
T SRt chat SR RN EEDUS Sl siuiuiy Sy SN R R -
b IR RS DEERe Pt Sisbht SRS S N S b5
\o\, . - - - - - — - - - - Bl - _ S - L .m
St wemaes SRR JIREEE EEEES Sbait S Sl S S S J =
EETRE TS Sl Riel SOS PSSt DS S R N

S SR et mEE SEEUE BT St oy N S

DR T Sl mttis - M T - S | e et g g o &

- - TSET-14NOM ©- - ¢ - Q- - 8- 1 8 & g : =

- M [W M - lia\! N ) \[*‘ B} ||,[4~1| i < 1 3 m

Epys S =il EEEE TR BEEE. S JUES b SRR N NETEE SEUNS B T : . 2

gt mindubd DO ROih SR SR (e S SRS SN S B - o =

I3



Y ¥ Lanel bl 7 &
1 E . 4 X . Tl coTER
P ; tHAﬁ:‘—'OdQO : Ct [ I A O
EENE NN o b RN RN RN
preop BAG' DROP SN R IR A
Lo A : C [ AR
ey Ty o : o
INDRICAL BAG B
I I RTrY ET/SEd. : o
i 7’“‘6‘ VO ‘as.? | r-/SEC . - .
s tacion ity onif s capeessiades ‘ —- . . ] )
2 : TlM : ‘ oo . T
. ) i
, i : ‘ ) . I . S
‘ ‘ . ( : . . Ll J [ L] L ‘ ]
P f . ‘ ' ! ? i ' ¢ . Lo
(o T T T T B TN (O LY O ) O o O P w PREFIPP At D, 24 e ’ 3
[ : f . ' .o . I ; ' . ' i
i A < .
| SR o ot
} - L ' . , v | ,
' el + » . f t
M s he ‘ : ' o b fet e i . . . -~y e e ‘ } ! !
K B L3 oo ! iahia N ¥ e ¥ * a
' L I : ' : . Lo ) s " i } i
: ' | ; i ] " o ' ‘ ! I
L Lo . . . [ . ' . . i (- '
) o b ' i . R o [
Ny N J B O ] e 2 . Wieuach | £ ° pres ot
. C ' o o
. ( ' 1} . . . B . . Yoo (4o
i ' . : Cq ‘ ' i t
i Lo . . . ‘ . B Co ) : \
LY PP PNV L TYTTRETN MO PAR P s 2miy o Wi miletib | " & " i " » Y - o ’ T —
) Lo [ . . G .o . ' ' - i . o [
o i ' ' g . . [ [ ' vl ' ) v ' [
o . . - ) . . . . . f [ . i ' f
’ 5 e ' prorpony y
C . o L I . L . . . . '
cbor ot ‘ . C . . " P P
| ] f . g o . [} i [, [
T L RE =S R 2 adec R L IR Tt P (] - ! . i b - i -
+ o ' L) [}
I ' \ . . Vo o
t . | ; i
.rq‘,ﬂ-“avA‘ar‘- AR P Y 2 L LN N PO Sy * .1 il
. ' ' . C
' . . ) . .
1 + t + ' .
! 4 . ' ' . ) . '
-vr-m-wn i oot o6, ™
= ' A , . [ 1 . .
| [ ' . . I ' . . . '
! | ) ) . ' ' 4 C
. i . ' f s . ) poi
.ga.am‘»‘-. iton ; masnit voanfil s oo samizsi. ! by
. L . . . f ' \ i
: ! , . oy
. i s
- ' ‘
200 4 et » Jowin a4 ] pon s E L P T P N
r !
. i
)
"
. . . o . v v
My e | wrari N e el wits 0 meete 405 |0 A ot b o veowomues g L o ie e sase it ] ot Xine o -t o} &
. . 1
Ce i e o . i
. \ .
C o ' v
e L D £ v g P swartt | 0w vy | raq itz st {1, 1 e 0 vk e
. . i .
. ' Vo
: I v Ca
' ¢ ’ +
LU L SR B et ] ‘Il Wm0 1 tgr Jemh | i S esis 009 I ] b AN Y, R ety ¥ Ue & 4T, Romi | Rt iyt et Lo Sty R WY [E e PR e jrewe.
i '
'
o “wro g e P R BT (R S L LT | I o Frbo g L S padge PeSk ¥
¢t
. t
YR AR AT 3
o] B '
P
. A
et purysm¥onil, amsn wepasomse . s v pec anfiae me ot By g | ma ik Ty [ b e ks> | B ememermy
. . : . '
WADQ IR gy Fi L
% " ’; i ) '
FE D N N e Ry L B A R oA ¥ T E i M IR R ST S W KA RN AR fewn K OR



T j . ¢ . . { B YL e s M __ . ,‘.
: (..v..%efl|élv|il‘sn? . _.,Fx . =T : H ¥ 3 m H
] I s R i A N S H : §
» R St R - P - T ; T ¢ i m - £
= g - - - - - - r - . . . + - l e ) 4
A ind [ - Lt - - - o . -
: : S : w ; i ;
: - o - -© R N - P C 1 = P b
e e e e e e [ G- S R S 5 e — R
[t - i = I - - ‘41.‘.M,.|.!m:! SRR, - -
[ S . _ - ! R S WU S o - e e e -
N 1 ! ¥ M i
—m . - Al e -t - - [UREE SE I - .
L o H
S S - SN m U R A S —— - .o - -
..... e - .. [ S P S AU S, - -
_ 0 G " SOt VR SRR SN SR IR I :
& ) . : 1 ]
1 T . % T ¥
1 - - [ i :
||||| ! e - { ;
4
- 2

LU
e

TIM

s,.g, le meanes |y 2o

)

G L] e g‘
nyton e wotli am Bvente

r

3

nee

0u 4

i

i

|
'

'
:

WADC I o




Sp— b 3 - -

: A MU I ISR IR E
- NS gy Sugui I .
- - B, - — ~____ It -
: i - PR AR I I o - R A I T — e e —— — -
: | SR R Sl R DU IR AN N SRS DUV IR I S - )
Sutuband DRSS WA St It DU ey D R SRR SIS N RN IR S B .
i : ool __.§ ___f ___§____ T B ~
R RSy S N Bt S NN S N Snpent SRR DU SIS SRR SIS BN 2
— I, IS Subu Sbupu MR S S - SRS SR Subay S SR I -3
- . H . o Ll — — AN S . 15
- — Htf#pf Sl Shu I Sl el S NN DU PR Da n.V ,m.:m
: b S Sl AR RN SR SRS DU DAV SIS B I B N T
- H
P — ——— - - — —— - - b - T - B - e o - - . - ',IH
FU— SRR SR I DR o - - S S - - - e e — e m o K e s L= S 4.
: ST N DU PSR AN IR NN NENINE SUDIN SRR IR NN WO SIS RPN -
TR B K - R - i SN NRRTRN JEPENGN DU SENGEY SRR SIS SSNSIP SRS PRS-




n ‘ : o __§._ _—§____fT_ ¥ L~ f. - :llnm [P M
R T — ——9
- - > A
A N W 1 W FR
et SO Diueil et SIS DN Sy st Sy SINS SN DU IR DU spuirs T
S el Deeinbt SO St Gy R Syt Dl Duntel SN MR S - S
S e D S S St Neing Busind Eagul SO Sl S it X @
Sl S wevtend RGeSl patdu Sy S Sua S SR S SIS I VO -
el At el Sl iy Sy bl Bumnsy ey Syl Biune Sunguny DRSI S VS BURERY S S
5 T T Ty T T T T e T T T T T = -"‘ T - S . - . L X
il SRl SR I s :Iulv|| b sunntiials Sl - - - - S 7..1 ]
) - - - o —— o - g e e w— am . - - - - - P 4
SRR TRt Rt fauhes bl S Sabl Sl DI B Ig Syl SUp Sy MR SR S |
Sefeid pputet Sl puiget Wil S SUR RRCATN SRS PR RS S ¥ .
_ S ek St AR R ! - - o - - [ R . L
T T T e ——e————— . . ee— —5
- R - IR o | mvu
LT R - SO f R
T - ==
T ik U SR S =l
- i St R =t
— BB SRy S S O

7



. - R - - e b
O SO D B il R
o 5 Pl DR PITTTE L
oo S DT Rt R Sl St

TE, |C
s

i
A\l
1370 W/ BAG

e
i

lé'
sed..

ptr
&
lﬂl“

4 L.

i
1

{
TR
[
v
'
[
LI
[}
v
[
[
'
'
.
;
'
'
'
4
BA

| TIME]

TAR

TEQRI
i

L r.5.FR

T

c;l

'?‘6‘
|PLA

I
.
}
I
i
|
)
!
l
[}

AR AIRBAG

1

;
¢
g 1
'
;
i
{
'
¢
i
i
|
[}
!
‘
!
'
i
'
; ' |
T Al

|

RE

x
i
1

[

[

t

RESISU
R
bl

FRON

i
1

it
“i

[
'
c
'
!
1

i
i

re

TEST
sn
RIGHT

f
'
1
'
}
|
i
'
1
[
i
T
¢
‘
'

RIGHT

§
'
'
'
!
-
)
|
]

l??,!‘b' 0 G e leuee e e

i
'
¥
'
i
+
‘'
|
i
¢!

'
i
{
i
.
i
[
1
+
}
t
'
t
v
'
'
‘

«
miqwskom) mmuunm‘a

AT PR 50

(L)
L)
s
)
LN
b A
g
,
(

‘
]
'
’
'
\
i
t
'




o i a . e . ? pospeey
B ‘ [ Ca . s doy k—&é . A i o iy 1oy TR . B N \
- 1 TEST® 5§  PARACHUTE |DROH | DR ERRN RN
i i . i i ] H ! ’ i B . . |
i i v ' t (. | : ' . . . '
) ) N . el A : ' ‘ . P o
, N PREQSURE| VS, |TIME| e
B ' ks & kg ge SR WA | & Pomb .
I . t . . ' . ' [ i 1 i} v '
! X i | ! L . |t f i
. . ! f ' . ' . . B
) ' . ; ! V | ! ) 1 ‘ 1] + [
paakend . ! ok . . . v - i .
» 4 : i g h - whe b § : 3
e it T ! i * ? t
L . i . :
1 A . o | o P
. ) O ] . Ty f ' . Vo v "
' N Lo f . i I i
; b ' . L o G
. o b . [ Y iy ) ' , . ‘ PR foa |
+ o v, ; . N t ™ | ko) gk .
' 4 et s “ g . i ' " T
' P o i ooy o . i i ' ' ' vy ! ' . ' [ ' : vy
. i . e § ! 3 { . ! ) } ‘ '
b ! P! | ! : o | . ! : ¢ . . g [ ol ;o
o o [ | i [ 1 Py ' t ! + voaob ot L |
Py ey o s P + | ' " PRI T vy
| uimsnton dompan o0 b wrises fismienbmme-dhon fuar ? s & 4 { s wost Py r
! I s e * i o= ! * *
. f . i by Vo | t f ' f ' t o y o [ [ . Pl
[ Yoy " } :
o . , ' : (] [ | i [T [
fo ta ' . ’ i . i Lo I Cd i oy .o A . Lo
! ‘ 3 ) £ o [ i § L t t ! [ '
N EIES L T URE (R 1T SR DR ST RN PTRRT I SR PRTVIERVE I periiees t = ,
i ¢ [ BT § ' P i . F I ST [
1 . vt ¢ . . . ) i : Ty
! ‘ S o , f ‘ ' i . Co g [ C oo
| . . - ' [ o [ .
by o . " { g ,uﬂm o . B 4 o Do o Bt : - 4
' [ P T B v . . 1 o s
i o [ ] ! f i ' i - " ‘ !
i , b ' | ! [ ' . i
| . ! foy ‘ \ . R Lo . \ - . Do I . e
f ; . f ; ! R } ' . f oy '
wi - ’ Arvd szl - sn. wnisy e LR 5 »
[ T A ! H o ' . L L
(R I B I L Y
! ' 1 ¢ [ f ' (]
b LEFT] FRONT Al \ o
| [P pbgoe 1 LR [ o t . ' ' ) P A )
-|®r TIPS FFIRPUITA FSRTIN TS I N SO
L4 . ) d
‘5 : ' i f : . ! - (. [ ' ' [ ' [ P
IR P [ ' - : ' ) : Cy ' ! ]
1 [ . ) ' ) t v ' o ' . ¢ "
i ‘ ' ’
: , P ' s ) i i ' 1 Vo ‘ [
, i o ! !
- rawiay: 4y RLLE B R RRPAY I SR N (R T P Y i ¥ al sw—
, , ) : R TR I ' . ) ' [ ‘ ' I [ t
i } ' i i : o . . "
el LLERT o R
| s - R Vo Vo
4 v e " bt ) d
ty ) [ ! 4 [ + [ ' '
[ , " b o . , .
!
§ 4 ¢ . V f f
; ; : ‘ N x
Lot [ v i o [ . t
s breimbs ool s g b qm—
[ oy B
. ;
. .
2o s e i
& v
- 1
; w R
i
o W i
oy ki )
R

[ i
' I O
- !
s prntn sieens | unpresionddled arfl it

g P

0 . o IR
refrrnre el e e e TAME L SEC e S

WADC 1R 894775

N A T - e L
1K}




. — IR [ D 5
L S dEE s Shadhastebhr Sl nr— B = - - —a = - — § ——f e ———g - e I . B B ) - - -
: NN U VU — VU D M NS S
Sl e R St S Pt R St NG P S P A -

—— i 4 v 3. & __ _&____ 4 4 -3 3 -

ORI SSEIOU SN S S ez - — b e -
A j s el S Subi S D RES S DN NS

TER )
-5 I I SRR NN SRR IR ORI SIS ISP SRS S
o —— I —_—

[7)]

.... O 1. . 1. . _i__.. (. -i!\-.,n.l _,lr.lr S SR . nlxww

s e R bt St SR SR i > gl R
gl 7~ IS AU ISR SR % IR DRGNS S ot U N
-— ‘ i }

ek L o S h) el Lo

[]
[ [ . . e e e BB

120



. [
, — 7. - —- - ——f{——3& —{---cbeocioooyooob oo .
e TR SN D DI e Dt S D D o e - i
T e— oy T i — b - oo I i
R I T B S S S b S S S : - — i
e e B el Sl Rbuest S St (e gy S L EEl £ -
S Rt s e Pt Helatel b 4 — =
bl e e e ey e e
e ot yuht sy Supuint et pquey St SERP SEELS S i R~ s S 1o
& — 1 ——1— §--—-}---d-—opomnoTIin T «.,HH_H.PVMt-m.- —__— ] --1-
- aabw DUundel puiieies Dbusuiy puinpui Duesep S SRS L) il S SRS DU S U -
B 00 S Resbit S Sunpuunk puniy OSSR RS CEECE B i - w
Sy ey gy pumpiy SRS B S S S K g S e Bt B N S :
T B S Rt et Shebu eant Supt Iy SO SRR FESES EESl BESAS Sl \ R o
S RO Rt suntung pauinet ik panel S P SRS Ll Rl il , 5=
2 Ol — B TR ey sty gy DR PUEE SEEES B B i D
Eo s B S SEPEs bt el ERDE SRS Gt ey bt SREE SESIS EUEES SIS S WS OO W @
5-ndd S DR iy S R Sl B kil it S R S ey v \u?m ©
Wl e e g iy B PEEEE EEEE EEEEE R sttt soaty P FRESS ERNES BESAN 5 € o
Sl DEunhl SUnn DI SN SR SENPS Sl RS Dbttt Dunpie SRR DUDINDE BN SR -¥-- Ty O
T Bs Sl Sl K ibuis S SOy e SR EERNE Sheul Sibpont MUPRE P /
E 3l RN ey S P Ry sro et Ry Sy Sunpy RS IRRERE TS Slabil R S,
£~k RN A SIS pnps ey D ppunpey S B EEENE SERSS stbol MUt SN SN
e R -u-- et Dl DU Dt i S DRSS BT I S Sl - -
Bl RCA i A B S il R i i Sy S SEUPY BEC EERRS S 1
St il snbont S gy et SSSTEES T EE Sl ‘ - i
- - - s I [ . e —— - - - ! w
IS I B e s St DA DI RN SURNIG SRR e - ST y A vk
I RRSE E e Rnnf sy S s G SRS S TR S S s S - =
I i Ry et i B gy g (e M P S N
S I B P B S Tt B iy S M o &
- e T T IN e - S G SRR ! it
—- -1 — Rl St maes pib: SR R, S RSN CRUNS Yor - : =i
— Bl RS S i Bt SR S S FI £ ) e T B =
= Santeunatiinir S - - R - - - -3 - - - - TR -7
AR S - -3-- SRS U Ui S AU SRS -- S SR Dbt T T y =i
| — A=At i I

2l



A : g g 5 AR g b W 2 ) " L
Dl el ] mEST™S|  PARACHMUTE| DROP BN DR
I l | [N e 4 ' . R H 10 ! ' A . T Loy
' [N T RO ' - , ' f Il p o . . . L s
. i ! c " s ' ' 3 i v b
P, - o . : Ro ! o T Vo
e . " . [ 3 ! .
- anr AR AT - s s | Y
{ ' ) . y
i ! , . . - . . A
3 - .
1 . '
! ; ' : ; ; ' AL L
; ‘ : i ' ! . ' ) v o |
I : ot oy : P - ' ) ; L . \ [
‘ {1 l Al ol dh bing h B e e R - " v
i H
i . [ .
R ' ! ‘ I ) . ), , Coy
s I Pt . t . Vo . i
I ] [ i v ! ! t !
jo i {1 ' ' [ ' P | Lo C . \
P REE | R . ot . . o . L ] [
m—«raww'a ki v § vrigion gos fon = e " 3 A . 5
R H T : — T * ;
} to [ . pot . po Vo : ' ' '
POl o w R S ; ~ Vo
‘ i ) ' ' L ' . ' N . .
P ! - e , D ' c ,
IR ! oo i ' ’ L i S
e e o b of s . e T : ,
l ! - A T ' s ' i . B f ' . ‘ .
P L ; ' b - \
Ty ! $ "o ' ; { f Vo
1 | ’ + . ooy 4 A : t 4 * . v
i f N . v i
o - s URTR FRTEN FINTIY - ot
o [ t ' . v
i s S '
‘ , ' . ; . . o .
ot i l . ‘ . . il
\ | porr . i I — ’ . , . .
' 1 [RNSCITIRUY VP . E : ot (il apont i
! ; i o Vot .
1 | N [ '
.
v P T . . y .
i . i !
t " - . .
b t " N o i :
" o ! ‘ : ! e ,
| ! -
. S 1 . ' ’ ! ¥ . : L
' i . ' § ' A - Y f f § o ' . . '
i L . '
[ . 1 + ’ ' 1 1 i t ’
¥ o R et 8 J s it s o s . s s 0
\ ot " v
! ' . A . L
{ t ' . ' ' ‘ [ . Vo . . o
N [ 'V S : . . , T .
o, . . . . .
L d L Tt PR T R N T
4 ' oo v .
. . '
. ' . f ol v 1 ' '
. to ) [ s .
s '""8'060" bt vt o f e gom stans
' v W ‘ RN I ) ‘
) 3 v v ' P ’ ‘ ] . N Y .
¢ . f [P : . . P v i # t T ! . l
' 1 . . . i ' v f ' . [
! . : T . !
@ e sl gorh euiniflia vre cvienfimmeg cor ot fason s { o 4y * #
, + o : C . . ) [
; . ' i
4 o [ ' ) i ' : !
i s
: 0 [
PV ‘ :
¥} .
o ate o b amar o e Lo
* G.VVV ‘ ; X i
. ' s .
' D s . . .
< b wasistsem el i, snpofl wn PRV R - e
'
. P R :
. . ) .
amogu4 0004 B swny A e L I
R '
. v
. . . .
1 B / ‘ .
™ [ h ¥ « omy P 2 b Efery R ek ' e wa
. ' .
) B . .
. L ' .
- to :
"nllwm—mme‘veon [T TISTRVAR RN \ NS S ——— g - - v [FRERITRN [T,
": AL LR LR Ll R LRt PR ] ER T Y G UTETUN LA PO L Y g o I " oS Pmanme ] A REIE PN R S s Sy
. ]
v vt
. . [
3 e e / . mogo g 2|
0] | I6 24 32
: : STROKE =.1
R L L I ] R T ] = S SRR 2 R0 AT D 1 A e A e N L L = - et Top i B
" - i g v
' A o . .
in H i 14 i i .
WADG IR B0.P78 F16.92 :
varrdm ook xdaoend | at e leenm e cmmombeoea e s hewe o Tk Ll RN L e b v e sl ool et yeainor dmay s - g dmee e

122



-, W MY

TABLE I

; SINGL.E BAG TEST DATA AIRBAG, 35"DIA, X 45’
[TESTIMOVIE [ RECORD [ORIFICE| PLUG [ DROP | IMPACT [PLATFORMBLOWOUT|MAXIMUM|MAXINUM IMPACT
Ne | N® | N2 |DIAMETER OIAMETER] TIME | VELOQITY WEIGHT [PRESSURE FRESSURE DECEL (¥) DECEL (

| INCHES | INeHES | SEC, [FT/SEC.| 1.BS |Poi6  IPSl6 | &' | 6%
|7 |e-s 0941 [ 45 | 6 |0660 2125 | 1383 | 5.00 730 | 4.8 752
19 (240 [0944 |45 | 6 0823 |ReS0 | 135 3,98 1035 |6.92 1355
2 |21l (0947 |45 | 6 09275 | 2985 | 1385 | 425 | 13.6 | 370 |i602
13 |26 (0937 |50 | 6 |0675 |20.70 [1385 [3.03 |8.45 [509 |i348
5 |27 (0939 [50 | 6 |0820 [2640 [138s |241 |1080 |80 |17
16 %‘z-a 0940 5".; m: o.mwo 29.95 | 1385 | 3.80 13.20 \32 235“
m:z’:smz-m 0%0 (5.0 | 6.5 0668 |2150 | 1385 | 306 |8.80 |533 |93
25 |23 |0963 |50 |65 |o83s {2690 [1385 |25 |20 (839 |74
28 |2-14 (0986 |55 |65 [0675 [2170 |1385 |2.43 [8.20 [4.86 Wes
30 |25 0990 |55 |65 0830 2670 | 1285 |2.88 |1%40 |8.30 ™
31 |26 |0991 |55 |65 |05 |s040 1985 |270 [1ses |i2e [256
35 |247]099¢ |50 |es |osee |35 [138s | 370 1760 |40 |z470
37 |28 ]loi | 7 7 |ae77 2180 {1850 | — (1092 |4.50 [12.48
39 (29103 [ P | 7 |osso |2735 |18s0 [405 |ies0 | 530|230 |

WADC TR 59-775



3"LG. CYLINDRICAL.

aX

il

- |NDIS'EINGUIS

b -

HABLE OR RAN OFF CHART
NESTING DEPTH OF PLATFORM

Y Pmbapen

) ' | prore N ¢ : 1 “
"T. IMPACT }MPﬂAGT | PhESSURE DLCEL(N.() RISE TIME REMARKS. O _DROF
L (Y)[DECEL (4) OEC.c.L,(E) (gg.lill{CE) BOUNCE) [TO MAX P (Observed from Filma)
G's G's 6 |6 sEC, [ , .
‘ | ‘ ‘ Bag linod up. stradght ab ground vontact, Bap buckled slightly
' ¢$.8% 5,473 0,536 X 0,135 ||#t approxe 500 beg compression, causing one end of platform
| . L to hit yround first. Other end rebo _about 14 (4, FAIR THSI
X 18,75 9.88 X X, 0,123 Approximately same conditions as sbove Test 417, FAIR TEST
| " , Piatforn vas noticed to fall unevenly; 1.e. load was not bal-
2 138 | %08 |16 049 [O.13 Jircws Botiing comurmad bty of Pietom nttigy
T | — ~"I8ag 1insd up straight at ground contact, Bag tuckled during
8 | 656 [543 [0892 |0.29 0144 compredoon causing one end of platform to hit grownd and . .
T 563 1741 10892 1009 lonzr [Peuiohcomistely ilied vith aif, wutting wn wnsten Tuine:
- St D e Einml‘om t0 hit grownd on one and, FAIR TEST
S [422 | 538 |107 |98 |06 | A Smmreentet chalue Bos oo o hekfomn to M s i
, 9, 07 , ng compreesion cau . of platform to hit gr
| othar o‘ﬂdrmmundtr:g. ¢ P . BAD TEST
: Blatform did not fall evenly., Beg buckled during compression
500 | 527 [124 1089 10142 [ jiging slight rebound. "Pr4600D TEST
: ' . ‘ " I pratiorm did not fall evenly, Bag Wuckled with one end of
| 112,00 | 842 325 [300 [OMZ1 |y atrorn hitting the ground, FAIR TEST
, ‘ N Platform did not fall ovenly, Bag buckled with one end of
3 5,58 (91 '-53/0'8| "“9'/0'3l 0147 platform hitving the ground. FAIR TEST
: rusr&ﬁfﬁiﬂu {nl) avenly, ocsusing buckle in bag during
| 18.06 245 1162 [122 (0128 |oowpression, Ore and of platform hit the ground. BAD TES.
- - ‘ V ‘Bag olanted under platform. Flatform did not fall evenly. o
4 /44 l.45 3 180 256 |0.108 Platform hit lnto ground on one end, BAD TEST
‘ , lag slanted under platform at ground contect, Platform
0 |448 | 2,75 182 243 [0.120 leanef on angle before ground contuot. Bed rebound, BAD TEST
81618 |63 123 0.19 0.143 ||Pag and platform fell evenly; howaver, bag buckled slightly
: » during conpreonion causing platform ground impact. FAIR TEST
"l ' e ‘ Bag olanted durlng f'all, DBag buckled causing platfora Lo
0 /4 I 6-06 \* 28 \:27 Ol”s ’.].' an gruound 1"‘)‘3". ' BAD TEST
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J - |
—

e snpntts o snd
FOUR BAGS TEST DATA AIRBAG, 35

TEST MOVIE [RECORD [ ORIFICE | PLUG |[DROP  |IMPACT [PLATFORM{BLOWOUT PRESSURE-PSIG |MAXIML
Na | N& | N® DIAMETER DIAMETER TIME ~ [VELOCITY| WEIGHT 2
' INCHES ‘I‘NCHE'S SECONDS|FT/SEC, | LBS,

B B2 |Fa |P4 |F

[7 [W'|oer4 |45 | ¢ |04 [2705 |1250 475 [5.52(577 |547 [10.2
g ;'7‘,‘2;"‘;0692... 45 | 0.995 |32.04 | 1250 (5.28(2,3 (586 (5.83]9.8)
"9 5565|0693 | 45 0735 [ 23,67 [ 1250 [414 [6,00 [5.36 (164 |7.90
10 Piés |0695 |45 0.883 | 2843 | 1350 |46l (5,24 (585 |3.34]12,2 |
1 s foris | 4 0,733 | 23.60 | 1550 |3.56|4.82[479 [3.85 (963
2 [ (o722 | 4.5 0844 | 2718 | 1550 [S66(426[431 [3.96 1037 ]

RELL®

4 1r9es 10736 | 5.2% | 6

Jesns s nene amx e

[ {475

1S (re¢5 [0737 | 5.25 | 6 0905 | 2914 | MBS0 {294 ({054 |365(1.59 {108

’

REEL'L

16 [Phes 0799 | 4.5 |o7s |z415 |1850 |3.86482 [4.29 [4.38|105]

REIL"L

|7 |79es | 0803 14.5

0.818 | 2643 | |850 [4.07|3.45|3986(1.44 [975 [i

N 5 10,925 | 2979 | 1550 |3.35[4.02|4.21 [4.84 |1047]
5

T [REELYE

(8 [79¢8 | 0804 | 4.5 0.927 | 29,85 | 1350 |2.44 (2.5 184 [1.73 |10l

“9 [545°|0805 | 4.5

ECL'L

*20 7565 | 0806 | 4.5 0918 |29.5¢ | 1350 |142]1.38 [077 [0.72 |\0.25]1!
REELL

é
6
é
6
6
13 [79es |0723 | 4.5 6 |0.940 [30.27 | 1550 | X |49 [418 [ls2 ] X
6
3
6
3
6

21 [ses |0833 | 5.25 | 65 |0.909 | 29.27 | 1350 [357[2.92|338(315 |05

EELVE

22 [75¢s {0837 | 525 | 6 |09 [2930 [ 1350 [3.57| X |350[2.37/10.0 |

RLELYD

23 [5er |0856 | 50 |65 (0925 [2979 | 1350 |2.37[4ce (434 [3.28]103

18+D INONE |0830 | 4.5 ) 0.905 | 29.4 | 1350 3671399325 ]1.63(105 |

16D|NONE (0800 |45 | 6 {074 [23.83 | 1850 |3.96 |6.55(3.98 (4.03 |9.34 |

,'2‘4-DINONE 0857 | 5.0 6 0915 | 2946 | \350 |27 (44 [2:58(1.83 199 L

RELCLL

25 [Bis'0860 |55 [6.5 [0927 [29.85 | 1350 186|271 [242] 161 [10.2 I

WADC TR 59-175
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T

A.X 45" L6, CYLINDRICAL

X - == INDISTINGUISHABLE OR RECOI
7" NESTING DEPTH OF PLATFORM (
MRAG HEIGHT ON TEST #9240 LONG} C

ZSSURE -PSIG [NISE TIME TO VIAXIMUM |PRESSURE (SOUNCE)PSIG MAXIMUN [INFACT [IMPACT [IMPAET |DECELL .Y
PRESSURE GG, | DECEL.(Y)|DECEL (1) [DECEL (X} DECEL (2} (BOUNCE)

B TR [P [Fe [Ps |Pe [Pi_[Fz | P3 [Fa ) | |

13.9 [12.¢ 013 [o.128[0/26 012 [I4] |2.98(077 [1.69 [12.3 [ 123 |1.02 [1.08 |3.76 |pade ver
maafiszafonz [ x [ou [olos|iis [4kz 2.9 [asz |1zt [19ss |f24 |198 |47 |bess ver
wosflloalols | X oissfousz| X [ X | X | X [745 [991 | X | X X [buee ver
18681691 fodz | % foaz ol [ X [ X [ R fx [i465 |14 | 248 |049 | X [SHONPY
13.9 [12.77]0.55 |0.55 (0145 [0/52 [1.05 |0.74[0.65 [1.23 [8.28 [13.02 [1L35 [1.02 |3.74 |8 o
162 (143 0iz6 J0i38014 [0032] X [ X | X | X [13.02 [1909 [zle [085 | X E;g,;f‘"
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'Barrel-shaped airbag mounted in free-fall test rig,

FIG, 03
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Cylindrical Airbag with the variable diameter orifice and blow out bung,
FIG, 04
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Cylindrical shaped airbags mounted in free-fall-test rig.
FIG, 95



